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ELECTRONICS AND ELECTRICAL ENGINEERING

MATCHED SURFACE ACOUSTIC WAVE FILTER FOR LOW TRANSMISSION RATES
Moscow ELEKTROSVYAZ' in Russian No 11, 1978 pp 58-61
[Article by A. Ye. Znamenskiy and Ye. S. Murator]

- [Text] An optimal receiver for relative phase transmissions contains a
filter matched to baseband or radio-frequency pulses.

Filters matched to baseband pulses for low transmission rates R= 5a¢25 kbaud
are made using active RC networks (hybrid construction) while those corres-
ponding to high rates R» 1Mbaud are made using miniature lumped parameter
multitapped delay lines.

In many cases equipment size 1s smaller and receiver circuitry is simpler,
while its specifications are better when rf pulse-matched filters are used
instead of baseband matched filters.

Surface acoustic wave (SAW) device technology is widely used in construction
of rf pulse matched filters [1, 2, 3]. The advantages of SAW technology is
fully evident at information transmission rates exceeding R=20Ay30 kbaud.
The lower limit for these rates is defined by two factors: 1) permissible
temperature deviation of the center frequency of the most stable (with re-
spect to temperature) piezo-electric element (ST-cut of quartz at -50% t
%£+50°C), and also 2) the actual dimensions of the working matched filter
as will be shown.

SAW devices are highly stable in a wide temperature range, a fact which is
very important at low information transmission rates, their manufacturing
technology is highly developed, they are very reliable and small in size as
compared with the dimensions of series 153, 155, and 157 microcircuits.

The SAW filter structure is shown in Fig 1 where 1) is an acoustic guide;

2) is an interdigltal transducer (IDT); 3) is a wideband IDT; 4) is an
absorbing layer. As we know the filter's amplitude-frequency charactertistic
1w and its pulse response h(t) are related by an inverse Fourier transform:

1
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h(t)m =l fﬂ(u)elntdw. (1)
2T .

Moreover, there exists a singular relationship between the pulse response h(t)
and the shape of the envelope of the ID electrodes. Electrodes are position-
ed at T = 1/2f, intervals along the acoustic gulde, and the electrode length
is proportional to h(t) at the corresponding reference point™ (see Fig 1).

In general, during calculations involving h(t) it is also necessary to in-

clude the amplitude-frequency characteristic of a secord IDT
H(u)=H1(o)H2(w). (2)

As a rule, in practice the second IDT has a much wider bandwidth so that

the resultant amplitude-frequency characteristic is mainly defined by a

slngle narrow-band transducer, i.e. H(w) 22 Hl(u.\).

Basic requirements for matched filter parameters:

Center frequency of the passband, Hz fo £ 0.03R
Form of amplitude-—frequehcy characteristic Sin x/x x=(f-fo)/fo
Frequency band between the zeros of the main lobe
of Sin x/x, Hz 2(R20.03R)
Deviation of phase~frequency characteristic
from liner response, degrees +5
Insertion loss, db <30
Relative level of crosstalk components, db =20
4 2 4 | 3 4

U;~htn)
T

Fig 1

2
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From this assumptiou it follows that the desired pulsé respongse h(t) is fully
dofined by the shape of the envelope of the distributed transducer electrodes.

The greatest difficulties are encountered during manufacture of SAW filters
at the lower end of realizable transmission rates (R = 20~w 30 kbaud). 1he
amplitude-frequency response of a filter matched to a rectangular pulse is

HW) = Sin x/x where the pulse width is defined as:

<t=1/R. (3)

Since a reduction of R leads to an increase in the transducer length 1;

1 = yv where v is the velocity of propagation of the surface wave in the
acoustic guide. Thus, for R = 25 kbaud where v = 3,158 mm/uSec in an ST-cut
quartz 1 %126 mm. If we consider that the acoustic guide must be even
longer by about 20”30 mm, then it is evident that sach a filter is not an
optimum one. )

A second deficiency of the filter shown in Fig 1 is the difficulty of tuning
a center frequency with high accuracy. It is shown that the velocity devia-
tion in quartz acoustic guides is on the order of 10~%. From the above it
is clear that even if deviations involved during filter manufacture are ex-
cluded, it is very difficult to obtain the required accuracy for fo at low
transmission rates. Although methods used for tuning are known [4] these
were carried out on small-size acoustic guides (i.e. for those used in high
transmission rates). The method of applying a uniform-thickness metalized
layer over the entire acoustic structure and the aging of this layer remains
questionable.

A method is described below for making matched filters for low transmission
rates which permits a reduction in the length of the acoustic guide by a
factor of 2 and which allows for tuning the filter's center frequency while
using relatively simple manufacturing methods.

The complex transfer function of IDT using equidistant electrode spacing and
a constant aperture may be expressed as [5]

= sin wr 1 wt+ &

H{w)=H, 2 e 2 L)
wt
2

where Hy is a constant multiplier; t is the time; and w = 2(f - f,).

\

3
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Dfoppiﬁé the e%“t mullﬁip'lier, which corresponds to a linear phase character-
istlc, for the sake of simplicity, expression (4) may be presented as:

© o gqplt iet iwt
H(w)=H, 4 4 1+ e2
wt. )
I

The first term corresponds to a transfer function of a matched filter for a
transmission rate equal to R = 2/t; while the second term may be considered
a transfer function of a transducer consisting of 2 IDTs shifted with re-
spect to one another by ¥/2. The general form of these IDTs is similar to
the characteristic of comb filters. )

Figure 2 shows the structure of a matched filter for R = 1/4 rate, synthe-
sized by cascading a matched filter (in the upper part of the Fig) for R =
2/n~ rate and a comb filter (in the lower part of the Fig) where 1) is the
acoustic guide; 2) is the shaping IDT of the matched filter for rate 2R; 3)
is a wideband IDT; 4) is an absorbing layer; 5) is a shaping IDT of a comb
fllter; 6) is a mettalic layer.

1 2 4 =47
Al=4vV

-3
\ |hhhhhhhlmhhlﬂmlHlllllhllihlllnhl / 1

e = et 4

4 Ji =(j2 v | |
T 7
[ §
Fig 2

Both circuit sections are laid out on a single acoustic guide and are
connected electrically. An absorbing layer 1s deposited between circuits
to climinate acoustlic cross—-talk between channels.

! Y

() \ \1 0 ) V‘

N 6- r -J
AT | fo f fir2 fit
Fig 3

Ao
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In comparison with a single section matched-filter with'transducer length -
cqual to %= 1/R, a two-section construction permits a reduction in length
by a factor of almost 2 (the higher R, the closer to 2).

In the above-described method of synthesis of a matched filter for low trans-
- mission rates permits, to a certain extent, varying the filter's center
frequency. This 1s accomplished by changing the distance A¢/2 between trans-
ducer gections in the comb portion of the filter at the expense of increasing
or decreasing the propagation velocity of the SAW in this region. It is
known that the presence of a metalized layer in the propagation path of a
SAW changes its velocity [6]. Thus, if a section of a continuousiy metal-
ized layer between transducer sections is removed or deposited (see Fig 2)
it is possible to vary the center frequency of the main amplitude-frequency
.response peak of the comb filter inside the wider amplitude~frequency response
- of the matched filter with R = 2/8 . Corresponding amplitude-frequency
characteristics are shown in Fig 3 where 1) is the amplitude-frequency
characteristic of the matched filter for rate equal to 2R; 2) is the ampli-
tude~frequency characteristic of the comb filter before returning; 3) is the
amplitude-frequency characteristic of the comb filter after retuning.

In fact, at the center frequency f, phasing condition 27T (—} / %o) =2 n

is achieved (n 1s a whole number). Thus, f, = 2 nfk . At the same time /2 =
L/V where L is the distance between centers of the comb filter sections; V is
the propagation velocity of the SAW.

Deposition (removal) of the layer causes a corresponding reduction (increase)
of the velocity in the region between sections Vequiv' Then

s n(V+AVy,)
fom AR e

- This method of frequency tuning is not optimal because of a certain assymetry

- of side lobes. But, since the principal portion of the signal energy is con-

- centrated in the center lobe it is more important to tune to the center fre-
quency even at the expense of a certain deviation in the level of sidelobes
from the design values in the range of + 3db, a fact which was confirmed ex-
perimentally. :

- It is noted that the formulas used for synthesis of matched filters cited

' here de not include the finite length of small electrodes, i.e. wideband
transducers in the two-section structure. This is deemed permissible where
the relationship AT <€&¢%%/2 holds.

Second-order effects (spreading and scattering losses, losses due to disper-
sion of the acoustic wave by the IDT grating in lieu of electrical and
mechanical surface loading), the influence of matching networks on the input
and output [7] cause distortions in the amplitude-frequency characteristic

5
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response and an increase in crosswalk levels. These effects increase with
decreasing R. 1In order to reduce these effects it is necessary to introduce
corrections in the transducer aperture and to utilize a construction with

apllt electrodes, and also to consider the nmplitude-frequency characteris-
tlcs of the electrical circuits on the filter's input and output.

Experimental results.

The constructed matched filter was designed for two information transmission
rates R, = 256 kbaud; = 64 kbaud and £, = 12 MHz, Calculations have in-
dicated that the dimensgons of the filter are optimal if one of its parts

1s made using a two-section structure (for R, = 64 kbaud rate) and the
second - using a single section (for R, = 25% kbaud rate) with subsequent
positioning of both parts on a single acoustic guide (Fig 4).

The filter was constructed using a thermally stable SR-cut quartz plate
measuring 45X20X2.5 mm. The IDT structure was formed using metal photo-
etching techniques on chemically deposited silver 0.1aa thick. Aperture of
all IDTs was 0.3 mm. The number of electrodes making up the R, IDT section
was 47, which agrees with the given information transmission rate, and in
the case of R2 - 94, which corresponds to the doubling of the transmission
rate.

' B

Ley i , Output 1
4 ' Borx 1
R=5éx6od k Band
| M| {43 [Ja
) s i T 9
Ly ===== t
. fiiy AR by Ruz Output 2
L Boix.2
Input . , R=236x3 & Band

The absorbing layer was deposited at the ends of the acoustic guide at inter-
channel spacing using the FL - 03 coating in order to reduce crosstalk.

In order to reduce the insertion losses of the filter, its static transducer
ciapacity was compensated by inductances. The input resistance of emitter
followers were used as high impedance loads. The losses in the band of in-
terest were 18 + 2db. Deviation of side-lcbe .levels of the function Sin x/x
from the theoretical values in the + 3R range of tuning did not exceed 1db.
Other parameters emt the given requirements.

The two-gectlon matched filter was designed for R = 25.6 kbaud fo = 12MHz.

An SR-cut quartz platc measuring 80X20X5 mm was used for the acoustic guide.
Filter structure was two-sectional. The above-described construction tech-

- . 6
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nique was utilized. ‘The aperture for all IDTs was 4 mm. There were 235
electrode pairs in the shaping IDT which corresponds to a doubling of infor-
mation transmission rate. Filter coupling into the RF strip and the static
transducer capacitance compensation method did not differ from those in Fig 4

- for R = 64 kbaud, Losses at the center frequency of the passband of interest
were 14 + 1db. Deviation of side lobes of the function Sin x/x in the + 3R
range of tuning did not exceed 2 db. Other parameters met the given require-
ments. ' :

Thus, experimental characteristics of small-size filters with simple center
frequency tuning agree fairly well with results of calculations according to
given formulas.

- The authors consider it their pleasant duty to express appreciation to A. F.
Beletski for his careful review of the manuscript and his observations which
have helped improve the quality of the article.
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ELECTRONICS AND ELECTRICAL ENGINEERING

NONCOHERENT RADAR SYSTEMS

Moscow RADIOTEKHNIKA i ELEKTRONIKA in Russian No 11, Nov 78 pp 2306-
2313

(Article by V. V. Karavayev and V. V. Sazonov: "On the Theory of Non-Coherent
Detection"]

[Text] The use of phased transmitting antenna arrays has several shortcomings
in scanning space. Some of these shortcomings are as follows: energy dissipation
in shaping a coherent probe signal in each element of the active array, and
concentration of the beam to intensify emissivity due to increased antenna
dimrasions.  In order to surmount these shortcomings, in [1] it was proposed to
drop ihe phasing of individual elements of the transmitting array, avoid emitting
signals with different (perhaps, random) modulation relationships; but coherent
processing of the received signal was do be done with the aid of a set of
reference signals generated for each angular bearing by a special device based on
known or measured fime relationships of amplitudes and phases of excitation of
cach emitter.  Modulation of probe signals is needed to suppress gaps in
transmitter directionality in non-cophase power conditions. A deficiency in this
arrangement is the complex nature of producing a set of adjustable matching
filters. Consequently, it is worth considering the characteristics of a system
which does not employ time-matched filtration of an incoming noise signal
(replacing it with band filtration). We shall demonstrate that with an optimum
selection of system parameters, power losses due to noncoherent processing are
not great.

If the transmitting antenna array is not phas ', scintillation of the target can be
suppressed by separation of the transmitters. Twc versions of a transmitting
system design will be cxamined below, differing in the manner of separation of
the probe signal. In the first version, several spatially-sepatated transmitters are
cmployed which simultaneously irradiate the target at different angles. In the
sccond version, the transmitters are superposed, but a multiple frequency probe
signal is utilized. Formulation of this problem here differs from that usually
found in the literature (cf., for example, FZ]) in that the incoming signal here has
double modulation with different inherent times, occurring as a result of the
random ficld of the transmitter and coefficient of reflection of the target.

8
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I, THREE-DIMENSIONALLY SEPARATED SYSTEM

Let us consider that the processing channel contains a filter whose bandwidth
matches the spectrum of the emitted signal; connected to its output are a square-
law detector and a signal-length memory. The output effect of this processing
is

(1) 2= [ ls(t)+n(0) 12 at,

where s(t) and (t) are independent signal and noise components of the filtered out
input process and T is processing time. In conformity with the above, the signal
component may be represented in the form

(2) s(t)nj‘: Yo e's,(1),

] Jeni

where s;(t) is a random signal emitted by the j=th transmitter; n is their number;

- Gj is the cffective cross section of the target towards the receiver when it is
rrradiated by the j-th transmitter; and 9i is the phase shift occurring with
reflection from the target.

With fixed coefficients A; = Yae'% in (2) and large n,signal s(t) may be
considered gaussian. In this case the distributive function of the quantity z is
well described by the principle Y 2:

zm-le-—lliﬂ

(3) .
{4)) T
where 2m is the number of degrees of freedom and 62 is dispersion per degree
- of freedom. These parameters are expressed through the effective band of the
signal  Af and signal dispersion U2 and noise 0’:12 in the following manner: m =
AT, 02 = 0'52 *0’:12 = (Is]* In])/25f

It is usually considered that the coefficients of reflection of target A; are nor-
mal.  For the same rcason, if all A; arc independent and have identical dis-
persions, then the random quantity 0‘52 is distributed according to the principlel2
with N . 2n degrees of freedom and dispersion pz per degree.

The characteristic function z is obtained by averaging the arbitrary characteristic
fupction e(u/Gm?2) = (1 - iu265Z + 62)"™M in terms of the distribution
0‘52. Let us find

( 0" ‘ (Ramai)/2
S d)

2 ipa
a,! i [\ R i
Xuxp(-—+--—) Wicacmytn-m (._"_.+__)
. 0 ¢(u) = i’ Bp'u i\t apta
' (—~#ptu)m !
9
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where Wik(x) is the Whittaker function. To derive the distributive law it is
necessary to transform (4) according to Fourier. In the general case this can not
be done. But in the detection problem the case where the signal significantly
exceeds noise is most substantial; here noise affects 1y the cholce of threshold.
And in examining the statistics of the signal, nolse may be ignored. Then

(5) Aamin-tige ( V.Z)
2)e= p*
p,(‘) l‘(n)l‘(m)z"*""'p"*"‘ '

where K. (x) is a Macdonald function.

In the absence of a signal, z is distributed according to the Xz principle.
Therefore, probability of a false alarm is equal to

g PURIPEIV IS - PuRPel)
1"= :3
tj‘::mr(m)o;md ] T

(6)

¢

where ¢* = c/O'yl 2, c is detection threshold. Probability of detection is equal

to
> LY
Drs:J.' I"‘ ""'ﬂ('t)dx ,
- ?) R 1 (m)l (n)2n+m-l
where cx = Ye'67/p'.  This integral, for integral and half-integral values of m

is reduced to tabular definitions. For integral m

entnt et 2K nemriai(cs)
Flu)2ment &l ell'(m=1)

. (8)

while for half-integral m

(2m-2)11

®) " Tz

mpr=14 al l"n-nn&l(c')
X[c. }-lc.'(Qm-—Z(Hi))H

1~n
2n--1
2

Jgune gy |’( )'(1— Koo () Lnon(e2) =
~Lu-i(e)Kanle)) |-
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Here Ly (x) Is a Struve function.

The relationship Plcx) = | - Dlcs) as a function of c« is given in Figures | and
2forn=3and5and m = 1, 2, 3, 5, 10,

It is worth comparing the derived detection characteristics with those of the
system in which emission and reception of the signal occurs coherently and
where, as in the system in question, separation of signal through independent
channels is utilized. In this instance, with quadratic composition, the
distribution of the output etfect is described by’ 2 with 2n degrees of freedom,
while the detection characteristics are given by the formulas in [2]

» an-lg=et
I A
(10) o ETm)
Dn 2"-"-’/'

Ty el -1
etn)/th4p) 2"1‘(") '

wherc |t is the sum signal-to-noise ratio, defined as p = njs 1 is the average
signal-to-noise ratio in the j-th channel.

A comparison of the detection characteristics of noncoherent and coherent
systems shall be done for identical energies of the signal arriving at the input.
In this case, the ordinates of the curves in Figures 1 and 2 are defined at
pointsc.=¥2mne*(n)/p,and c*(n) is derived according to formula (10) for given
F and n. Examples of the relationship of the threshold signal-to-noise ratio
versus m are cited in Figures 3 and 4 for n = 3 and n = 5, respectively. It
can be seen that for each value of n there exists an optimum m at which
the threshold level of the signal is minimal. Here, in the form of horizon-
tal lines, are also depicted the threshold characteristics of a coherent system.
Minimal losses are defined by the distance from these lines to the extreme
puints of the corresponding curves. This losses are obviously not great. For
D = 0.5 they are (-0.6 to + 0.6 dB) and for D = 0.99 they rise to 2.4 to 2.6
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2, SYSTEM WITH FREQUENCY SEPARATION

To suppress fluctuations of a Rayleigh target, this system utilizes frequency

retuning of the signal from impulse to impulse. Processing consists of band

filtration of each frequency channel, square-law memory of signal duration and
_ memory of frequency channels.

Consequently, the output effect of this system appears as

() ““Y

J 14, (8) +n,(8) 1* de,

[~

l,a
=
J.al

i

where s;(t) and %);(t) are independent signal and noise components in the band Af
of the j=th frequc!ency channel and A; is the random coefficient of reflection of
the target at the j-th frequency. We shall assume that frequency separation is
chosen so Aj are independent.

At fixed values of A; the quantities z;, as before, may be considered as
distributed according to % 2 with 2m = 26ij degrees of freedom. Consequently,
the arbitrary (for given Aj) characteristic function of quantity zj is given by the
expression

(12) €, /) =2t (| 4,0 400y ) n,

where 612 and 642 are dispersions per degree of freedom of signal s;(t) and noise
Ni(t), respectively. The absolute characteristic function is obtained Ly averaging
hz) in terms of the distribution of the random quantity |A;I2 (scattering cross
section) which we, as before, consider to be exponential’ with average unit

power. Employing [3), we find

(13)

£ evdy
C:, (l‘) = ;" [ 1=2iu (0.'!/'*'0.’) ]m
- 2lugg*~1
121ug,2=1)/2Mus I Y — ey
€ ! (1 ™ 2iuc? )

=

(—~2iug )™

where [ (9, x) is an incomplete gamma function.
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X

uc

sin —

21ugyt—1 2

X (em, =t )2
(i ™ ‘.’.iuo.‘) u du,

2

where ¢ is the threshold defined by the required value of false alarm. This
integral can be computed only for n = 1. Thus we calculated the characteristics
of detection by constructing an integral law of distribution of the quantity z
using the method of mathematical simulation. Being concerned with a region of
rather high probability of detection and small false alarms at that, we will, as
carlicr, consider noise only in calculating threshold. Notably, the integral law of
distribution was calculated of the quantity

(15) ' C"EM"ZM»"»

where aj and bjg are independents for different j and k and one from another
are ranJom quantities with unit dispersions of the quadrature terms.

Integral laws P(T) for various m and n = 3 and n = 5 are shown in Figures 5
and 6 as a function of 10log T. Using these graphs it is easy to construct
characteristics of detection for any probability of false alarm which, as before,
is given by the integral law xz (6), but now with 2mn degrees of freedom:

(16) l‘ » :mn-lc-ulzu.'d:
A -‘;—.'!.""_"-I’(mn)o:’""

bod xmn-le-lll

= (2 —dz, =
J 27T (mm) ¢ T o

Probability of detection is then derived according to

c'2mn )

(17) D12 (

where p. , as before, is the sum signal-to-noise ratio.

When the latter formula and Figures 5 and 6 are utilized, relationships of
threshold signal-to-noise ratio for various probabilities of detection are obtained
as a function of the number m of time cells in each frequency channel. They
arc shown in Figures 7 and 8 for n =3 and n = 5 with a probability of false alarm
F = 106, Characteristics of detection of a coherent system (horizontal lines)

with the appropriate number of independent separation channels n are given here
for comparison.
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The flgures presented show that just as in the case of three-dimensional

separation, with increase m (for given n) losses in for D 2 0.5 at first

decrease and then grow. But this effect is manifested more sharply. It is

associated with the fact that the quantity of noncoherently stored discrete units

with frequency separation is equal to mn, whereas in three-dimensional

separation it is equal to m. Consequently, in the first case, due to noncoherent
i storage, losses being to show at much lower values of m. Accordingly, optimum
- values of m lie between one to two (versus 5 to 10 for three-dimensional
: separation), and losses are slightly higher (by 0.5 to 1 dB).

- CONCLUSION

The characteristics of detection of a Rayleigh target by radar location are
examined: there is no phasing of components of the transmitting system. For the
case of great three-dimensional separation of transmitters, analytical ex-
pressions are obtained which describe the characteristics of detection. For the
case of frequency separation the appropriate formulas are derived in quad-
ratures, and calculation of characteristics of detection was done by the method
of mathematical simulation.

It was found that with optimum selection of the band of a random probe signal
and number of branches of separation, abandonment of the use of phasing does
not lead to substantial losses in the signal-to-noise ratio. According to the
probability of detection, they range from 0.5 to 3 dB. A system with three-
dimensional separation has minimal losses.

The authors express their gratitude to I. G. Korobkova, who performed the
calculations on computer.
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. ELECTRONICS AND ELECTRICAL ENGINEERING

-RANGE AND BEARING ACCURACY USING ANTENNA ARRAYS

Moscow RADIOTEKHNIKA i ELEKTRONIKA in Russian No 11, Nov 78 pp 2314-
2320 '

[Article by L Ya. Kremer and G. S. Nakhmanson: "On the Potential Accuracy of
Estimating Range and Angular Coordinate of a Target with Signal Reception by
an Antenna Array in the General Case"]

[Text] INTRODUCTION

The primary current assumptions of the theory of time-space processing of
signals [4, 2] are valid for arbitrary time-space signals. But specific results in
the literature have mainly been obtained as they apply to the special case where
the wave fronts of signals can be considered flat, ie., the signal sources are in
the remote zone of the receiving antenna. If the signal source is situated in the
Fresnel zone of the receiving antenna, an estimate of the parameters of time-
space signals has substantial peculiarities associated with the curvature of the
signal wave front. These distinctive aspects have been investigated in studies
(1, 2, 6] as they apply to antennas with continuous linear apertures.

In this article the potential accuracy of estimates of range and angular position
of a target are considered for reception of signals by an antenna array in the
general case, which includes positioning of the target both in a remote zone and
in a Fresnel zone. The rise in potential accuracy of range analysis owing to
consideration of signal wave front curvature is analyzed as a function of the
number of array elements. The ambiguity of range measurement is considered
for reception in "widely spaced" arrays and conditions to eliminate this problem
are discussed.

Figure 1
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l. POTENTIAL ACCURACY OF ANALYSIS OF TARGET COORDINATES
WITH SPACE & TIME PROCESSING OF SIGNALS IN AN ANTENNA
- ARRAY

1 Let us consider an equidistant linear array whose length is L and whose distance
between elements is d having N = 2m + 1 elements (Figure 1).

Let us first consider the case of active location. A sounding signal is emitted
from point 0

(0 s(t)=U(t) cos [wot+ (1) 1.

A small target is situated at point M with coordinates (R, ©p). The vector the
arriving signal may then be represented as

(2) (&) 1=llsi(t, Ro, ©ay @o) +Hne(e) 1,
where i = -m, «., 0, «.; m is the number of the receiving array element.

In formula (2) linj(t)l is a vector of gaussian interference with zero average

values and correlation matrix |IBji(t},t2) = |1<n;T(t;) ®nilty)ll; T denotes the

operation of transposition, and @ is the direct Kronecker product of the vectors.

Henceforth we shall consider that Bjjlty,t2) = (Ng/2) x d(t} - t2)dijy i.e.,

interference in various elements of the array is not correlated and in all

. clements has an identical correlation function. Components of the signal vector

are

Ryt

(3) o rol)+
c

Ryt
51(t, Re, 60, o) =aolU (t - —°?-r-°i) cos [(o. (t -

o o 214) g

where @ ¢ is random initial phase, uniformly distributed in interval [0, 27); ag
is signal amplitude; rg; is distance from the target to the i-th receiving element
of the antenna array, equal to*

(%)

ra=r (id, Re, 80) =R+ (1) —2idRusin &

*In formula (3), the relationship of signal amplitude of the i-th element as a
function of distance rg; is not considered, since it can be shown that this
relationship has very little effect on the final results where Rg > L.
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When receiving a mixture of (2), the optimum receiver s..apes an output signal
proportional to the log of the functional of the likelihood ratio [3]:

(5) MR, 6) e 1n l.[-?—vai'/,(lf. (-))] )
[]
where lg is a zero order Bessel function from 2n imaginary independent variable;

- Z(R, @) 'is the envelope of a random process at the output of the linear portion
of the receiver, defined by the relationship

B D YL (et e e 3\ W

irvam 0

ri-is defined by expression (4) for arbitrary values of R and ©.

In measurement of signal parameters according to the method of maximum
likelihood under conditions of reliable measurement (i.e., large signal-to-noise
ratios at receiver output), estimates of Ry and ©p, are unbiased with dis-
persions, whose expressions in the first approximation have the appearance [3,4]

7) On*=[ Bun(1-p?) I 04 [Beo\'l-‘Pz) 1!, p=Bre (BanBeo) =",
where G (I, 1) ] -
B WPRR—t I R ML LN . =
ve [ a[“a[:q T,?:T..‘UT,' ' l (R’ e,’

8) G, 0,1, 6,)= | "Z;_"]‘U(,_I_faf_:gi)x

o

XU (‘ _ Rz:‘ru ) oxp {lmo R~Rq+ry—r, }dt ,
c

and indexes ¥ and q acquire the values of R, ©. Substitution of (8) in (7)
considering (4) yiclds

) RN L —

We?
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where 1Ls=dnt j/‘ls(i)l d// _f Is(f) I%df-- is the square of the equi-
valent width of 9|gnal spcctrum s TQo“‘(l’-"f‘*‘l)Q: ~is the signal-to-noise
ratio at the receiver output; @i (a*/Ne) IU’U)‘“ is the signal-to-noise

ratio at the output of an individual recelvmg element. Functions fYw and
Yw 7, in (9) are defined as follows:

'Y|m=’(2nl+i)‘l Z Cm!, - ’{,,=(2m:*'1)-‘ Z Ciny
- {mam frmem '
(10) :
= Yeo== (2m+1)~" 2 Cio’ -
(m—m
Yo= (2m+1) ! Z Cioy Yre=(2m+1)-* Z CieCin,
{raun frmem
_ - IUY W 100
where Cun [ on ],....' ° 06 1 pe

In consldermg the range of distances for which L/R ¢ | is valid,
ri(R, ©) may be expanded in terms of steps id/R:

. (id)* cos*®  sin O cos* O (id)*
(i ro(R1,0) —R—.ld sin@ + R 5 + 5 7
1-5sin’ @ (id)* +

- m cos? 6, T

Allowing for (9)-(11), computation of dispersions of estimates (7) yields

(12) 2 2 2 1L,
:a._.___(f‘___{ 15_.[1._____B.L_( 29, + 2+

o L] R yrTE Ty Cd e

I: | B, .2
4 —sin? 9«) +a‘Ecos’6°(7—31 sint'6,) ]+

we*

a‘
- A +-4— (By—B\*) cos* 60} ,
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(13) —__ ¢ I’ ™
Je Tu;(—):(_’,—/:!)” o B, { D..-—a'B.’-o-)-nTsin’ 9.,} )
11}
Dg = _(‘—)F [H|"}'G'.:(3 sin? 6, — cos® eo)Bz]+B|+
+a? [sin? €, (38,—B,*) ~B, cost 6,],

B.=%(1+'—;-), B,==—:§(1+—i-l-)(3+73‘--%).

L] & = L/2Rq is the ratio of antenna aperture size to distance to the target m =
L/2d. Error in formulas (12) and (13) have an order of magnitude, respectively,

of O(0«.6) and O(eg 4).
In passive location of an cmission source with known signal shape, taking the

center of the antenna aperture as the readout origin, a signal in the i-th receiving
A element may be written out as follows:

O s, h'o,‘G.,, o) =aoU(‘—r‘_‘Eﬁg)COS [W(t—-ﬂ) +

c
ru-R.,
+( _—— ]
0 (t c ) q7“]'

By making transformations similar to earlier ones, it is not difficult to see that
expressions for estimate dispersions for range and angular position coincide with

@), if in (1)

cw=[ 200 c‘.=[i<2;ﬂ>

(15) R 1,4 PN
Substitution of (I15) in (10), (7) yields
(16)
2 2 : -1
0"2_____ 40— " {-IIQ—B:'i’Bz_Blz} .
@o*Qoa’ cos' By Loy’
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(17) et

1 L R I N ——
O IO LD o0 6 X
2 Byt Y -t
Osin' o I porp, - B
X DQ‘“G’ Wy 3 .

(1LY ot +1) By—B

M0 e
Where m=Y oo (and condition lim 2 md :l.), expressions (12), (13) and (16), (17)
coincide with known ones obtained for a continuous aperture [1). For transition to
a remote zone (Rpuw, o =>0), expressions (12),(13) become

] - C' LI C’ n.. N
i} (18) =g, O m.'o.(L/z)m.cus'e.(ﬁ“) ‘

which coincides with expressions obtained in [2,4].

2. DISCUSSION OF RESULTS

For the case of active location, in Figure 2 is shown the ratio of estimate
dispersions of target range for various values of the parameter of wide bandwidth /!"
=fly dand for various values of the angle of signal arrival ©p, with optimum
space and time processing of signals 2m+1 by receiving elements in an aperture
L long (12), to the estimate disgersion of range for measurement of the latter
according to a signal delay Gra? (18) as a function of ®= md/Rg = L/2R; (ratio
if antenna aperture size to twice the distance to the target). The curves are
constructed under the premise that the signal-to-noise ratio remains constant.

The solid curves correspond to the arrival angle @y = 0, while the dotted curves
arc © = 249, Figure 2 indicates that the gain in measurement accuracy of target
range as o increases is proportional: this may be explained by th: increased
curvature of the front of the incident wave when the target apprroaches the
receiving antenna.  This gain increases with a decrease in ©p and the parameter
of wide bandwidth F as well. The ratio of estimate dispersion of target range
with optimum space and time processing of signals by an antenna array containing
2m+| receiving elements, to the estimate dispersion of range for signal processing
in a continuous aperturc of the same size for various values of parameters ﬂ and
m as a function of ot is shown in Figure 3. Analysis of curves in Figures 2 and
3 shows that with constant dimensions of an antenna system and identical va-
lues of signal-to-noise ratio Qp, a reduction in the number of receiving elements
leads to an increase in accuracy of range measurement.*

* In practice, the condition of sameness Qo may be ignored: the signal-to-noise
ratio may be reduced with a reduction in the number of receiving elements
(2m+1). In this case a reduction in accuracy caused by reduced Qg is, to some
extent, equalized by raising accuracy as a result of a reduction in m shown

in Figures 2 and 3.
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When distances between antenna elements exceed the wavelength, ambiguity of
range measurement by wave front curvature may occur. This ambiguity may be
climinated with combined measurement of range in terms of delay time and in
terms of its wave front curvature. For this purpose, the signal spectrum width
should be such that in measuring range by delay time of a signal, the magnitude
of the resolution interval does not exceed the magnitude of interval of an
unambiguous determination of range according to wave front curvature.

Let us determine the relationship of the required signal spectrum width as a
function of antenna parameters and distance to target.

For a signal from the target located at a point having coordinates Rg, @g, the
phase diffcrence between signals received by the m-th and (m-l)st elements will

be
2n Lom=td
. {19) qu“'n-;:(dslne.l- 5 R .co8 6.).

whcro),," C/f;. is wavelenght corresponding to carrier frequency.

IT the target is located at point Rg + SR, Op, the phase diference has

e
magnitude

2n /., 2m-—1 .
(20) Agit = i (dsm 6.+———-2 RAOR cos G.) .

. An unambiguous measurement of range occurs if the change in phase difference
satisfics the condition 04° = A@'" -Ag?'4271; the maximum interval of
an unambiguous analysis of SR corresponds to the value l'fp—“?vT . From
(19) and (20) it follows that §g =27 when

(2 l) - 2".’)..
o (2m—1)d*cos* O,

On the other hand, when measuring range by delay time, the resolution interval
is determined by the equation 8RS CIZAf. Unambiguity of range
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measurement according to wave front curvature will be eliminated by mea-
surement of range by delay time, i AR 43R, As follows from (21), this condition

is met if
ol 2m-t L Lim=d Ly
(22) ) -}-.-?—}-m:;ad cos* 6, i (R.) c0s? Oy,

From equation (22) it is clear that for given antenna dimenslons, the required

value Af/fo Is inversely proportional to the number of receiving elements and the
range.

Let us examine the effect of signal wave front curvature and antenna aperture
discreteness on the potential accuracy of measurement of the target's angular
coordinate. In Figure & is shown the ratio of Ggm2/Tgu* of estimate
dispersion of the angular coordinate as a function of o for reception of a
sighal by a linear antenna array consisting of 2m+l elements, to estimate
dispersion of the target's angular position in signal processing in a continuous
aperture for various values of m. From Figure 4 it follows that, as in the case
of estimating range, with given antenna system dimensions and identical values of
signal-to-noise ratio, accuracy of measurement of the target's angular coordinate
increase as the number of receiving elements decreases. Analysis of the
possibility of measuring the angular coordinate shows that, in contrast to target
range measurement, consideration of wave front curvature has almost no effect
on the selection of a value for P, necessary for an unambiguous readout of angle;
is defined by the relationship

Af_ 1§
b-—f;

which coincides with the results of [5). In systems with a small number of
receiving clements, when measuring bearing, in order to eliminate unambiguity it
is necessary to have a substantial expansion of signal spectrum and the problem
may be solved by using a multiple-trequency signal. In  this instance, expression
(22) remains true if the interval between the extreme scale frequencies is taken
as Af and the central frequency of this interval is taken as fo.

CONCLUSION

Relationships obtained in this article allow us to determine the potential accuracy
of range and angular coordinate estimates of a "point" target in the generai case,
including its position in both the remote and Fresnel zones

25
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2

FOR OFFICTAL USE ONLY

of the receiving antenna array. Furthermore, relationships suitable for the
remote zone follow as a special case from relationships which are valld for the
Fresnel zone. '

Analysis of these relationships shows that in the Fresnel zone, the potential
accuracy of range estimation rises (versus remote zone) owing to consideration of
information included in the signal wave front curvature. This rise is even more
substantial If the curvature of the wave front is greater; it also depends on the
number of array elements. With a constant signal-to-noise ratio, potential
accuracy is higher if the number of array elements is reduced. To some extent,
this is compensation for a drop in accuracy which may arise due to the drop In
signal-to-noise ratio when the number of array elements is reduced.
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ELECTRONICS AND ELECTRICAL ENGINEERING

ELECTROMAGNETIC INTERACTIONS IN TRANSMISSION LINES

Moscow RADIOTEKHNIKA i ELEKTRONIKA in Russian No 11, Nov 78 pp 2363-
2370

[Article by D. V. Sokolov, D. I Trubetskov, Yv. P. Sharayevskly and V. P.
Shakhin: "Interaction of Electron Flux with High Frequency Fields of Coupled
Transmission Lines. Type M Interaction"]

[Text) I, FUNDAMENTAL EQUATIONS

As applied to type M beam-type devices, for simplicity we will take coupled
transmission lines (CTL) to mean two identical electrodynamic structures,
periodic along the x-axis, situated at some distance opposite one another,
forming a combined wave-guide system (Fig. 1).

If we limit ourselves only to a consideration of three-dimensional harmonics of
the high-frequency field in the CTL, then the corresponding components of
intensity of the "cold" electrical field are expressed through the amplitudes of
normal waves of the wave-guide system in question as follows [1]:

EvmE,(2) BBV, g () By
(1) shpa chpsa

E,=JE,(z) ::—:';“

+Ey(2) %‘;—2—({-

where

(2)
E\(z)=Eu(z)e~,

Ei(z) =E; (z) e~

27
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2

FOR OFFTCTAL USE ONLY

ya-u-n---‘---—-.—u
Y m— T T TN

ST e e

-ya———-—-—-———-

4

Figure |, Schematic representation
of electron flux interaction space
moving in crossed fields with coupled
transmission lines.

In expressions (1) and (2), the index 1 is related to an antisymmetrical normal
wave occurring with antiphase excitation of both periodic structures; and index
2--to a symmetrical normal wave occurring in synphase excitation. Allowing for
(1) and (2), the system of working equatios which describes interaction of
clectron flux in crossed fields with high-frequency fields of a CTL may be
written as follows:

dX chpY shp¥ 1 )
9 I[F'shp.}’.+p'chp,}'.]e '

(3) dy shpY chpY
— ki | J + -jx
dy [1‘. shp,Y, r’chp.Y.]e !
dp| Py " sh p|Y 2
dq +lb|F| '-2—;‘—. me’ dx.,
(4) dF % chp,Y
O b Py e L[ SLPAL e gy,
dg b fiFy 2n j ch p.}'.c ’

In equations (3) and (4) the following designations are introduced:

E
x-p'z_m’v Y'-"ﬂ-y. Fl.! = b:i;.e'”'-",

+

q=p,D,r, bl,i'” (5- :-5«)/5.00. Do’=p.ng./E.,
Koz= (K, FR.) /2, %y0=K,2/K,, Pu“'pm/ﬂ-.
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K|,2 are coupling resistances of normal waves in planes y = + a, respectively.
System of equations (3), (4) is written in adiabatic approximation, ignoring the
effect of space charge on interaction processes.

2,  ESTIMATED RELATIONSHIPS FOR WEAK SIGNAL CONDITIONS

Let us make some tentative estimates based on solution of system of equations
(3)-(4) under weak signal conditions, using the method of successive ap-
proximations [2].

Assuming that X = Xq + X, ¥ = Yo + ¥ (X, ?«n, F| and F3 are constant in
equation, (3); by integrating (3)-(4) under the appropriate initial conditions (q =
0,X =Y -0 Fl,? = Fl,20)9 we find

" ch Y. e~"*tunf sh Y. e~ d ot
x ["" shY, b *Fu ch¥s b, ]”"

hY, e<™tay chY, ernq
Pes " L] . ¢ il
’["‘sm'. AL ]’"'
. sh2Y, {+/bg~e
Fy l'"[H. sh'Y, b, ]+
chgy. &-b.)c"'—b,e’""""-bn .
sh2¥, biby (by~b,) !

(5)

+2F,

(6) Flnapll[ 1"‘ :;:,2;:. 1+ﬂ’:::0’" ] ‘f'

‘ch ZY. (b.-b.) e’.l'-b'e"’l".ﬂ'-{-bl
sh2Y, bibs (5,~b,)

+2F,,

.

Under antiphase initial cxcitation of the CTL (Ezg = 0), with b = 0, we find

' “(’ Fra
(8)
ch 2Y, ¢*r—jb,ge=*t -q
Fym2F,, A o .
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If high-frequency signals from the outputs of both periodic structures (et (1)
where y = + a) are added in antiphase, then only the field of antisymmetrical
wave E| is isolated; an expression for it (cf. relationship (7)) when Yg > 0
coincides with the corresponding formula for an ordinary traveling wave
magnetron=type tube (TWMT); while at Yo £ 0 for a TWMT with positive cold
cathode (coupled type of interaction [2], pp 471-481*).

In the case of synphase excitation (Ejg = 0) at by = 0, we find an expression
derived from (7) and (8) by substituting E 2 Ep3 by abys sh 2 Yo/ sh? Y, =¥ sh
2 Yolch2Ya; furthermore, if output signals are composed in phase, formulas
similar to those of TWMT theory with one delay system are also derived.

- In the case that only one periodic structure is excited, e.g., upper (Ey(-a) = 0,
Eyla) = Ex*, cf. (1)), then F)g = Fpp = Fg/2 and if b) = - by = b, one may derive
the following estimated relationship for Fs:

sin*(bq/2) (H‘i)] )

, q' v
9 Fr~F '[H"'z“"m. ETPTIE

In deriving (9), it was assumed for simplicity that K| = K, sh Y = ch
% ¢¥/2. From the latter formula follows the pulsating nature of the high-
frequency field, which is associated with periodic transfer power between
= structures.

The particular cases considercd above at the estimate level show that within the
assumptions made, the use of CTL in the traditional circuit of a TWMT
amplifier, in linear mode, does not lead to 1mproved efficiency of interaction
(non-linear operating mode of TWMT with CTL will be examined below).
Furthermore, without calculations it is clear that limiting efficiency of the
device should be reduced in comparison with an ordinary TWMT, since the beam
must be situated in the interaction space above plane Yg = 0.

Let us consider the case where electron flux interacts with CTL fields in plane
Yo = O.

In antiphase cxcitation, from relationships (5)-(7) we derive the following
expressions:

) Fu e-te—{ ~ify T
(10) x-"—;‘-‘—y-:" b, e, y

*Remcinber that in this case, coupling resistance is defined in plane y = a.
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(“) Pl"l’m
(12) P2 (bimbi) Pmbyetbembied,
Y ah oY, byba (b= 0s) '

From (10) it follows that within the assumptions made, in this system there
occurs only longitudinal grouping of electrons; optimum conditions of grouping
correspond to by = 0. A similar effect, apparently, can be wisely used to create
effective bunchers in which the grouping process is not accompanied by a great
loss of potehtial electron energy**. At Yg = 0, Fjg = 10 (synphase excitation)
and by = 0, the following relationships occur:

N us __F..q -t2,
Xm0, ¢ YA
Fym 28y, —e"t4ph geted|
sh 2Y, X
Fﬁ"Fn.

Thus, within the applicability of estimates, electrons have only transverse
- displacements; the degree of grouping is identical for electrons having Y > 0 and
Y <« 0. Thus, on the average, the electron beam does not lose potential energy
- in the high-frequency field, indicating the possible creation of an effective
buncher in this case as well.

Some results of solying system of equations (3)-(4) in linear approximation
under initial conditions X(0), Y(0) £ 0 Fjg = Fzg = 0 are cited in study [3), in
which is shown the possible creation of effective noise transformers containing
CTLs for flux in crossed fields.

3. DASIC NON-LINEAR EFFECTS

Below we will consider basic findings obtained as a result of numerical solution
of system of equations (3)-(4) using computers.

**Calculations considering the cffect of space charge forces within the model of
an infinitcly-thin beam, similar to that done in [2] (Ch. V), showed that
transverse high-frequency displacements of electrons due to the action of space
charge forces are partially equalized by opposing displacements which occur
zmd)cr the influence of the field of the synphase wave Ej, defined by formula
12).
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a. A TWMT amplifier using CTL (F*0) = Fg, F*(0) = 0, b) = -bp). Amplitude
distribution of the high-frequency field along the length of the interaction space
is shown in Figure 2. Strong pulsations |F*|, |[F] are connected with the process
of spatial frequency beating in the CTL. Consequently, electron flux alternately
participates in regular or coupled forms of interaction.

Let us touch upon the physical interpretation of processes taking place in
greater detail. ‘

At small values of q there occurs an ordinary mechanism of grouping of electron
flux in crossed flelds (Fig. 2b). Then the grouped electron flux falls into a high-
frequency field of different polarization, corresponding to the coupled kind of
interaction (Fig, 2¢), The grouping process continues, but the cluster begins to
drop away from the plane Yg = 0 and the amplitude of the high-frequency fields
diminishes. Later the electron flux again falls in the field of initial polarization,

- but now in its accelerative phase; degrouping of the cluster starts and the
cluster continues to fall away (Fig. 2d). The remaining portion of the cluster
falls into the retardation phase of the high-frequency field, leading to a rise of
electrons, grouping, and increase of the high-frequency field (Fig. 2e, f). During
the rise phase, electrons are able to get rather close to the delay systems. Thus
when the cluster of electrons returns to the accelerative phases of the high-
frequency field, first participating in coupled and then in the regular kind of
interaction (Fig. 2g, h;’, the processes of energy exchange occur so intensively
that amplitudes [F*| and |F=| virtually disappear (Fig. 2a, q = 9.6). Subsequently
the grouped beam induces a high-frequency field in the system which corresponds
to the ordinary kind of interaction; and a process similar to that depicted in
Figure 2f begins. At such lengths of interaction space, electrons are already
starting to scttle into periodic structures.

If clectron flux is in synchronism with one of the normal CTL waves, for
cxample with wave E) (b} = 0), then the nature of the interaction process
changes and will be similar to the corresponding processes in an ordinary TWMT.
Let us emphasize once more that the chief distinctions between the processes
described and similar ones in type O interaction (cf. chapter 1 of study [4]) are
that the heam in crossed fields participates in both ordinary and coupled kinds
of intcraction. '

b.  Grouping of clectron flux in CTL fields. From estimated formulas
(10)-(12) it follows that condition F2 = 0 corresponds to an ideal buncher.

Let us analyze several factors which significantly alter the process of ideal
grouping in non-lincar conditions.
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Figure 2. Distribution of amplitudes of
high-frequency field in planes of upper
IF+l(solid lines) and lower |F-l(dotted)
periodic structures (a) and typical form
of electron flux in different segments
of interaction space (b-d) for the case
where input signal is fed to the upper
periodic structure (Fg+ = 0.5, Fg- = 0;
Yo = 0)

If special measures are not taken to suppress wave Ej through the interaction
space, there is some intensification of wave Ej up to and including saturation;
the level of saturation weakly depends on the input signal level (Fig. 3a).
Electrons in this case have both longitudinal and transverse displacements; the
clectron cluster remains immobile with respect to wave E 1» always located in its
retardation phase, and breaks down into two virtually symmetrical portions, ohe
of which rises upward from Y = 0, while the other falls (Fig. 3b); at some
length, clectrons begin to settle into periodic structures. This type of grouping
is linked with the existence of wave Ep (hatched curves in Figure 3a), which is
excited in phase with the cluster and remains almost synchronous with it, but
slightly advanced in phase, virtually until the settling process begins (hatch-
dotted line in Figure 3a). The most significant distinction of this buncher from
an idcal one is that in the nascent inclined clusters, electrons are concentrated
not in plane Y = 0, but in regions of maximum transverse displacements of
clectrons (vertical displacements may be reduced by increasing bz, or by using
special "electrodynamic" means to attenuate the field of symmetrical wave E;
and, as was noted, space charge forces should lead to a reduction in transverse
displacements of electrons).

33
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2

FOR OFFICIAL USE ONLY

},’J R (7320 " B AL

061

Figure 3. Distribution of amplitudes
of high-frequency field of antisymme-
trical |Fl (solid lines) and symmetri-
cal |F,l {dotted lines) waves and phase
of symmetric wave Y3 (hatch-dotted)
(a) and position of individual electrons
during one period of high-frequency

field E; in different segments of in-
teraction space (b) for the case where
an antisymmetrical wave (Fjg # 0,

F20 = 03 by =0, by = -2; Yg = 0) is
excited at the input.

If the electron flux in static state is situated below plane Y = 0, then there
begins to appear a mechanism of coupled interaction: sequential processes of
grouping and ungrouping of electron flux take place, accompanied by a reduction
or increase in amplitude of field |Fyl (Fig. 4a, b; with value of Yq chosen for

calculation, nature of bundle grouping does not differ greatly from the case Yy
- 0)

In a bundle for which Yg > 0, the mechanism of ordinary interaction in crossed
ficlds occurs: both the number of electrons having positive transverse high-
frequency displacements and the amplitude of these displacements increase; a

more rapid increase of amplitudes of both field waves occurs than in the cases
cxamined.
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Analysis of the buncher in which the input signal excites symmetrical wave Eo
showed that, as was done from estimates, the potential energy of the beam
changes slightly and the high-frequency field remains almost constant at large
input signal values (Fig. 5a, b)

“These results permit us to conclude that with the aid of a buncher containing
CTL, it is possible to shape rathe dense clusters. The use of this buncher as
an input section in instruments hav:ng crossed fields may significantly improve
the characteristics of the latter.  Corresponding calculations show that
efficiency may be increased by 10-15%. The possibility of considerable
truncation of the length of the input section (by 2 to 2.5 times) in comparison
with an ordinary TWMT is most interesting; it is very important for the
improvement of device resistance to parasitic self-excitation.
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Figure 4. Distribution of amplitudes Figure 5. Distribution of am-
of high-requency field of antisymme- - plitudes of high-frequency field
trical 1] (solid lincs) and symmetri- of antisymmetrical |F}| (solid
cal [Fal(dotted lines) waves with asym- lines) and symmetrical |Fpl(dot-
metrical positioning of clectron flux ted) waves (a) and position of
- (Yg / 0) for the case where an anti- individual electrons during one
symmetrical wave is excited at the period of HF field E; in dif-
input (' = 0.3, Fpg = 03 by = 0, ferent segments of interaction
by -2). space (b) for the case where a

symmetrical wave is excited at
the input (Fjg = 0, Fyp # 0;
bj =2, by =0; Yg =0)
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CONCLUSION

The results cited above supplement the known picture of physical processes of
interaction in crossed fields and indicate the theoretical possibility of creating
beam=type type=M devices with improved parameters,

In the future it will be important to study the effect of the forces of space
charge and cyclotron waves on the nature of multiple-wave interactions in type
M beam-type devices.

It is almost obvious, in particular, that explosive instability [5] must occur even
in three-frequency interaction in type M bcam-type devices when cyclotron
waves are excited in the beam.

Experimental verification of the posited effects is especially important.
APPENDIX

Let us note that the problem of an ideal buncher (no losses in potential energy
of the HIF field) has an analytical solution.

For an antisymmetrical buncher (F; » 0) where Y » Y, the solution of equations
(3) and {(4) appears as

) la | tr(X/2) - F
1g(Xo2) Y,

For a symmetrical buncher (F| = 0) where X = 0, we may derive

arcig(sh Y) Fay 0
¢os Xo chy, ™

The right sides of these cquations completely determine the degree of grouping
of clectrons. Let us illustrate this with the derivation of conditions of formation
of an "almost point” cluster.

If there are 24 "machine” electrons per period of HF field, then electrons lagging
behind electrons which have the phase + JC by an interval D= 25/24, will gather
in the interval 2A around an electron having the phase Xg = 0 (forming an almost
point cluster) at length q, which may be defined from (Pl). For example, where
Y, = 1.2 for Fjg = 0.5 is obtained q = 12 (high value of q is linked with fact
that Dg is defined in planc of periodic structures; in “ordinary" definition Dy is
in planc if beam q = 4.2).
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ELECTRONICS AND ELECTRICAL ENGINEERING

SIGNAL DETECTION ON CRT AGAINST NOISE BACKGROUND: NONPARA-
METRIC MODEL

- Moscow RADIOTEKHNIKA i ELEKTRONIKA in Russian No 11, Nov 78 pp 2439-
2442

[Article by V. N. Budko, F. M. Klement'yev, N. M. Novikova: "Nonparametric
model of detection of signals observed by human operator on CRT against a
background of noises"]

[Text] For efficient operation of radio engineering systems in which the final
link in the processing of information is a human operator, it is necessary to
match the working characteristics of the systems and man. One vital issue of
such coordination is that of a formalized description of human behavior in visual
detection of signals against a background of noises on a CRT. Let us consider
in the general form those processes which make up the foundation of
psychological data in describing the situation of detection of signals by a human
operator. Let there exist some set of signals S, which in some form is depicted
as a set of mental images. Let us assume that there exists some solving device
which, on the basis of extant sensory data, works out a set of response reactions
or behavioral forms. In addition to the set of external signals there also exist
sources of additional external information. Naturally, output information linked
with the results of response reactions in the form of feedback enters the input
of the opcrating sensory system. Signals of feedback may be changes in the
cnvironment or information about evaluation of results of actual behavior of the
human operator. There exists a source of internal information which units
various systems associated with the work of the regulatory, predictive, and an
especial motivational-estimational mechanism. Both sources of external in-
formation and sources of internal information affect the work of the decision
unit. Thus the working characteristics of the human operator who detects a
signal against a background of noises on the CRT has a probability nature.
Working characteristics we take to mean the relationship of probability of
detection of a signal and its intensity when the latter is observed on a
background of noise.
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The fundamental probability set of working characteristics of a human operator
is generated by the following features: IP fluctuation of sensory threshold; 2)
probability characteristics of external effects; 3) straying of attention; 4) lack
of observation time due to finite speed of information handling; and 5) signal
tasking by noise.

We use the operational definition of threshold as some empirical quantity

applicable for the characteristics of functional possibilities of man [H. The

actual working characteristics of the

- human operator are the result of an

integrative action of the sources of the

probability set mentioned above. To

n n 5] explain the logical foundation of work

of the decision unit, and the logical

behavioral basis of the human operator

in the situation of detecting signals

[ 7] [ 5 | against a noise background on a CRT, it

- is necessary to eliminate the effect of

the aforementioned causes on the work

of the human operator. Actual working

characteristics of the operator can be

experimentally obtained allowing for the
requirements stated above.

Figure 1. Block diagram of
connection of devices. The block diagram of connection
of devices for the experiment is shown
in Figure 1.

A trigger pulse from a synchronizer 1 produces simultaneous turn on of the
display scanner 6 and the pulse shaper 2. An oscillograph type C8-9A with
memory is used as the display. A U-pulse generator is employed as the pulse

- shaper. The U-shaped pulse obtained at the shaper output is transformed by
filter 3 into a bell-shaped pulse and enters the adder 4, where there is additive
sumimation with low-frequency noise (normally distributed) which enters from the
noisc generator 7. After passing through a matching filter 3, the signal+noise
mixturc is fed to the oscillograph screen 6. The screen shows the realization of
the mixture of bell-shaped pulse with normal low-frequency noise. The signal is
chosen with rather high intensity to eliminate the effect of sensory threshold
fluctuations. To avoid having a priori information (as an additional information
source) display a probability nature, the signal was always situated at the same
point on the scanning line: this was known to the operator. In the realization
being presented, the signal was not always present, but only in 5/6 of the cases.
Alternation of blank (noise only) and signal (signal+noise) realizations with
different :ignal amplitudes was done in random sequence.
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The methods used in working with operators who participated in the experiment
were as follows: the human operator was given the task of detecting a signal
presented as a one-time display of signal and nolse mixture. The display
observation time was unlimited, l.e., the human operator had not Information
handling time deficit. The brightness of the scanning line during the experiment
was kept constant; before the start of the experiment the operator became
adapted to this brightness. Experiments were run in a darkened room with
no exterior illumination of the screen. The operator's reactions contained two
responsest “yes"-~there is a signal, and "na"--there is no signal. Operator
responses were cvaluated by a value matrix: reward for correct detection and
fine for erroneous decision. Errors were signals missed and false alarms--
detection of a signal when only noise was displayed. Operators first took part
in control experiments and were trained. When the results of the operators
became stable, they switched to the basic experiments.

Each series of experiments lasted an hour or less to eliminate fatigue of the
visual analyzer and straying of operator attention.

The probability of signal detection, and the probability of false alarm, were
cvaluated according to the frequency of the event being evaluated:

p = Nl/Nv

where Np is the number of positive decisions; N is the total number of displays;
in experiment N = 100 for each signal-to-noise ratio.

Four trained operators participated in the experiment; each received a working
characteristic; the averaged working characteristic curve is shown in Figure 2.

"y., Ia
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Figure 2. Working characteristic of Figure 3. False alarm proba-
incan statistical worker. bility versus coefficient H.
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In this figure, the x-axis contains the plots of the probability of correct
detection in quantiles of normal distribution; along the y-axis is plotted the
signal-to-noise ratio. The operator's working characteristic in this system of
coordinates is represented by a straight linet

(1) Frapmzasclol],

where x(.a is the probability of correct detection in quantiles of normal
distribution; x, is the probability of false alarm in quantiles of normal dis-
tribution with zero signal amplitude; a/ is the signal-to-noise ratio. H is some
coefficient which is typical of the human operator.

According to the'x,2 principle, one may claim that the points lie along a straight
line with 0.99 probabitity (1).

Coefficient H may be computed for each operator by using his actual working
characteristic obtained in our experiment.

A simple relationship, shown in Figure 3, was found between coefficient H and
the probability of false alarm x4; the probability of false alarm X5 is plotted
along the x-axis in quantiles of normal distribution, and the coefficient H is
plotted on the y-axis.

By using thvc'X,2 principle, we can state that the points lie on a straight line with
a probability of 0.99.

Under the conditions of our experiment, the relationship between H and Xg is
expressed by an equation of the type

(2) H = -0.17x5 + 0.32.

By substituting (2) in (1), we derive an expression for the working characteristic
of the mean statistical operator, where the parameter describing the individual
nature of the operator will only be the probability of false alarm x.

Let us examine the working characteristics of automatic non-parametric signal
detectors and compare them with the working characteristics of the human
operator obtained in our cxperiment.

A signal detector is called non-parametric if it provides constant probability of
falsce alarm with very weak limitations on the statistical characteristics of input
signals (2] The working characteristics of automatic nonparametric detectors
used for signal detection are the sign, rank, and sign-rank statistics cited
in 2. They have identical structure and may be generalized and represented as
follows:
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(3) Xyapady +afoN,

- where K is some coefficient, distinctive for different working characteristics,
depending on the kind of signal and the distributive function of interference.
Generalized formula (3) and the working characteristic of the mean statistical
operator (1) have identical structures. This also suggests that in detection of
signals with background noise on a CRT, the human operator appears to use non-
parametric criteria since the results of his work can be represented in a form
analogous to (3).

A distinctive feature of non-parametric detectors is the independence of the
probability of false alarm on the kind of noise distribution function.

For the human operator, this peculiarity was tested experimentally. The working

- characteristics were recorded for the same four trained operators for two
different noisc distribution functions. Within the limits of reliable interpretation
of error, the probability of false alarm was almost unchanged. The supposition
ol non-parametric criteria used by the human operator in signal detection with
background noise on a CRT will aid in calculating the efficiency of operation of
the "man-CRT" system.
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ELECTRONICS AND ELECTRICAL ENGINEERING

SIDE-LOBE FILTERS FOR PHASE-MANIPULATED SIGNALS

Moscow RADIOTEKHNIKA i ELEKTRONIKA in Russian No 11, Nov 78 pp 2442-

: 2445

[Articie by V. P. Ipatov: "On side-lobe suppression filters for periodic phase-

manipulated signals"]

periodic reciprocal correlation function (PRCR

[Text] The theoretical possibility of total su;;pression of all side-lobes of a
of a phase-manipulated signal

and mirror pulse response of a linear filter is shown in study [1). In [2] it was

«  cstablished that a necessary and adequate condition for the existence of such a

filter (side-lobe suppression filter: SLSF) is the linear independence of all

cyclical shifts of the periodic phase-manipulated (PPM) signal.
cited in [2], which connect the structure and indicator of SLSF wit
- autocorrelation function (PACF) are convenient for synthesis of SL

Relationships
h the periodic
SF for signals

with relatively simple (for example, one level [3])) PACF. In the same cases
where the form of PACF was not previously specified, especially in synthesis of
the PPM-signal/SLSF pair, it can be more preferable to have expressions
obtained below with the aid of a discrete Fourier transformation (DFT).

As in [2], let X0s» X]y ey XN.| De a sequence of complete amplitudes of a PPM
signal of period N; to the j-th cyclical shift of the signal Xjs X((L+j)p *=*» X((N-

14j) where ((k)) = k(mod N), O ¢ (k) ¢ N-I corresponds an N
vector-column (hatched line designates transposition):

Xj = AIxjs X((14h +oor X(N-14)]I-

FFurthermore, lot
Ny

LT

be the cnergy of one period of a PPM signal.
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Transversal SLSR of PPM signal

Let us introduce an NxN matrix
A = lIXgy X|y eeey XNogll!

and write out a correlation matrix of cyclical shifts of a signal B = |I(1/E) (X;,
X, where (Xj, X;) is the scalar product of vectors X; and Xj in the form
(asterisk designates transposition with complex conjugation)

1
() B-—E—AA.

The block diagram of an SLSR as a transversal filter [4] is shown in the figure,
where 3 is an clement of delay by the duration of the discrete of a PPM
signal, and yg, y1, «+ YN-] is a sequence of weight coefficients which can be
seen as components of an N-dimensional vector-column of the filter

Y = llygy y1s eees yN-1lI%

Complex amplitudes zj, i = 0, N-1 at the filter output may be derived by periodic
(circular) convolution [5] of the sequences x;, yj, | = 0, N-1

Ne N-
ﬁ e tet—
2= Lﬂ.’lu«-m o Zf(u-mvh =0, N-1,

=g (1)

(2)

By assuming in conformity with the filter designation z; = 0, i = 1, N-1, zg =
4, where a is an arbitrary complex number not equal to zero, and by introducing
a DFT of the sequence z;

= ha —_—
S Z:« exp ("k'V") v k=0, N-1,
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we find that

(3) b, *"ao W“ '

Now applying to (2) the theorem of circular convolution [5] allowing for (3), we

arrive at
a —
) T A0,
where Net et
&A-—-Znup(-ﬂ-gﬁ‘ v om= Y pyexn _kzn —
2- 5 vesp (= -N—t). k=0, =1
- (£ )

is the DFT of the sequences x; and y;.
The cited relationship proves that for the existence of a SLSR is necessary and

adequate a distinction of all components of the signal DFT from zero, i.e., the
satisfaction of N inequalities

(5) 80,  kmi A=,

The latter condition is identical to the condition of linear independence of all
cyclical shifts of the PPM signal

6) det A £ 0.

Actually, (6) only takes place when all intrinsic values of A are not zero. But
since the A matrix is a circulant [6], its intrinsic values are equal to €k,
Ke T, 4<7 and thus (6) follows from (5) and vice versa.

As scen in (4), the SLSR converts the spectrum (in the sense of the DFT) of a

lI’PM signal into a uniform one and thus may be called a discrete Urkowitz filter
71
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To derive the welght coefficients of the SLSR it suffices to switch to an inverse

DFT in (4)
- ‘ n
o) et S 0 2 o (T
woymen( )Lt e
A e e

Reed

Let us now define the signal-to-noise ratio for a primary lobe at the output of
a SLSR q2 = [al2/Y.KY, where K denotes the correlation matrix of input noise.
If the latter is stationary and correlatign time does not exceed the duration of
the discrete of the PPM signal, K = 621, where 02 js average power of noise,
Lis the unitary matrix. Then on the basis of (7)

Nt l I’ Nt
. e a
YRY = a3y = 0’2 lyelt = —A-,-U’ Zlhl"-
{mf Aeef Lt

Ny
9t = (Ma?) 2 TNEX

Not only does the quantity q2 represent basic interest, but losses of the SLSR
in the signal-to-noise ratio as compared with the matching filter of a photon
counter. In describing them, as in [2] (with accuracy to denotations), by the
number ¥ = q2/qg2, where q02 = EZ/X«KX is the signal-to-noise ratio for the
primary lobe at the output of a photon counter, we have for earlier assumptions
with respect to K XeKW = 02E, and

(8) .

Nat
EZIE-I"

Ao

Since the B matrix is a circulant (cf. (1)), whose lines are cyclical permutations
of the PPM signal PACF, its intrinsic values are components of the DFT of the
PACFE, i.e., lg k|2/E, k = 0, n-1. Due to the symmetricity of B, the intrinsic
values of the”inverse matrix B=Y, which always exist when (5) is valid (SLSR
exists), are cqual to EIE k12, Thus (8) can be represented as

ve=N/Snh~t
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where Spi=l 4 the trace of matrix B-l.

Relationships (7),(8) may be extremely useful in solving problems of SLSF syn-
thesis and the PPM-signal pair (especially, a binary PPM signal) with the SLSR
using computer: they require much lower expenditures of machine time as com-
pared to data obtained in [2). Actually, computation of elements of the Gram
determinant for deriving ) according to [2] requires execution of N2/2 opera-
tions of multiplication of complex numbers. To expand the determinant by
reduction to triangular form requires another (N+1)(N(N-1)/3 such operations. In
sum, computation time for on computer for large N is proportional to the
quantity N3/3, since multiplication usually occupies the overwhelming part of
computer time. At the same time, the use of (8) even in direct realizatign 0
the DFT algorithm permits us to save time proportional (where N 1) to N2 (N
operations of multiplication of complex numbers to compute all k and N
computations of the square of the modulus of 'gk). This gain j, expenditures
of computer time may be increased many times by using known algorithms for
rapid Fouricer transformation [4, 5).
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ELECTRONICS AND ELECTRICAL ENGINEERING

AMPLIFICATION OF WIDE-BAND SIGNALS IN TYPE O TRAVELING-WAVE
) TUBES

Moscow RADIOTEKHMIKA i ELEKTRONIKA in Russian No 11, Nov 78 pp 2455-
2458

[Article by B. Ye. Zhelezovskiy, Ye. Ye. Zhelezovskiy, R. N. Karimov, Yu. V.
Klinayev: "Study of Aspects of Amplification of Wide-Band Signals in Type O
Traveling-Wave Tubes with Random Oscillations"]

[Text]  Amplification of noise-type oscillations (cf. [1,2,3)) is employed in the
operation of some electronic devices and radio engineering systems in microwave
technology. In this respect, the greatest interest is involved with wide-band
amplificrs, especially type O and M traveling-wave tubes.

Ordinary amplification of a noise-type signal in a traveling-wave tube (TWT) is
associated with its direct action on the input of the delay system. As far as
the authors know, theoretical analysis of noise-type signal amplification in TWTs
has only been done for M-type devices [4].

In this study, a similar approach has been taken toward TWTs. The investigation
was mainly aimed at explaining the amplification efficiency of noise-type
signals in TWT with various methods of insertion into interaction space.

The method of investigation of noise-type signal amplification employed is a

realization of a stationary normal random process and is based on the notion that

it is formed by the harmonics of various frequencies. It is clear that a random

process has no determinate harmonic components, but it makes it possible to

formally carry out Fourier analysis and compute the spectral components.

_ Lvaluation of the spectral density of noise-type signals is inconsistent, but a
stmoothed evaluation will be suited for practical applications. To obtain
consistent statistical cvaluations, it is necessary to smooth out the spectral
sampling density in terms of a set of segments of realization of noise-type
signals or in terms of frequencies [5]
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Furthermore, a spectral description of a noise-type signal is convenient for shaping
realizations of pre-set spectral density.
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Figure 1. Distribution of amplitudes of noise-type signal components through
length of interaction space with: (a) insertion of signal to input of delay system;
(b) insertion of signal via electron flux.

Nonlincar equations of multiple-frequency interaction of electron flux with a
direct electromagnetic traveling wave were utilized in calculations. Calculations
were carried out according to known equations described, for example, in [6].

In determinacy computations it was assumed that the delay system of a traveling-
wave tube has an octave bandpass and delay and coupling resistance are constant
in this band. The effect of attenuation, the action of space charge forces and the
interaction beyond the limits of the band with double overlap in frequency were
not taken into account. The case of a thin beam with synchronism of electron flux
with a traveling electromagnetic wave was investigated. Calculations were carried
out for equidistant spectra, simulated by ten components with a ratio of extreme
spectral frequencies to the fundamental frequency of the working equations equal
to 9 and 18, respectively. The quantities of initial amplitudes of the spectral
components with the interaction of a noise-type signal on the input of the delay
system and  the quantities of amplitudes of high-frequency fields which modulate
the electron flux at the input into the interaction space (with signal insertion via
clectron flux) were obtained by repeated multiplication by a norming multiplier of
random numbers from the set with normal distributive law having parameters (0.1),.
and quantities of initial phases--from a set of random numbers with uniform
distribution_in the interval (-R,7). Each realization differed in quantity and phase
of cach spectral component. Furthermore, the dispersion of normal and the
distributive interval of uniform random numbers did not vary from spectrum to
spectrum. The values of the norming coefficients for normal random numbers were
sclected as equal to 0.02. The amplification parameter was taken as equal to 0.05.
The number ol clectrons per period of fundamental freugenecy was chosen as equal
to 288. lor cach of the two methods of insertion of the noise-type signal (directly
into the input of the delay system and via electron flux) into the interaction space
of the traveling-wave tube, 10 realizations of the random process were in-
vestigated.
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The nature of gain of spectral components of the individual realization is
illustrated in Figure 1. In it is shown the distribution lengthwise in the interaction

B | space of the traveling-wave tube of amplitudes of components of the high-
frequency field with insertion of a noise-type signal into the input of the delay
system (Fig. la) and by means of pre-modulation of electron flux. Numeration of

- curves in the figures corresponds to the order number of the component of the
cquidistant spectrum used in calculations. The distinctive behavior of relationships
at initial sections of the interaction field and at the point of maximums of the
component fields is clearly seen in the figires.

The behavioral nature of the curves, as a rule, corresponds to the patterns of
signal gain in the multiple-frequency operating mode of a traveling-wave tube:
spectral components with greatest values of input signal amplitudes are amplified
usually to greater output amplitudes; excitation of intensive harmonics of low-
frequency  components of the spectrum is observed (especially with small
interaction space lengths); phase relationships play a major role in the amp-
lification process; one may sce suppression of individual components, especially
- those having small input signal amlitudes, and so forth.

In Figure 2 is shown the lengthwise distribution of traveling-wave tube interaction
space of the total high-frequency power for various realizations. As an example is
given the power distribution of five realizations with insertion of a noise-type
signal directly into the input of the delay system (Figure 2a) and via electron flux
(Figure 2b).  One can sce the unified pattern of behavior of relationships for
individual realizations. The first peak is associated with the prefered amplification
ol one or more (most often, high-frequency) components of the octave spectrum.
The second peak is due (with greater length of delay system) to the more uniform
amplification of diverse components. The quantity and location of the power peaks
themselves differ for individual realizations and reflect the change in power from
realization to realization. Naturally, when the noise-type signal is inserted via
clectron flux, the output power has peaks with shorter lengths of the delay system,
and the difference in size of the peaks themselves is barely related to the method
of signal insertion into the traveling-wave tube.

1 I Figure 3 arce shown the mean statistical relationships obtained by averaging
according to realizations. Curve | of Figure 3 depicts the lengthwise distribution
ol traveling-wave tube interaction space of medium high-frequency output with the
influence of a noise-type signal on the delay system input; curve 2--with
preliminary noise-type modulation of electron flux. For comparison, in the same
lignre curve 3 shows the lengthwise distribution of interaction space of a high-
Irequency power TWT with amplification of a monochromatic signal fed to the
- delay system input at a frequency equal to the average frequency of the noise-type
3 spectrum. A comparison of relatiotships proves that with amplification of a wide-
band noise-type signal in a TWT, the magnitude of output power is much lower
than with amplification of a monochromatic signal. The magnitude of peak output
power at the maximum, for the cited relationships with amplification of a noise-
type signal, is about 1.3 to 1.4 times lower than in amplification of a harmonic
sigial. OF course, with the fixed length of a device, the drop in output power may
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be more significant. For example, with an interaction space length corresponding
to the maximum power of a harmonic signal, the output power of an amplified
wide-band noise-type signal is almost halved. Thus, with optimization of TWT
design for amplification of a noise-type signal, the basic geometric dimensions of
interaction space, and particularly the delay system length, must be selected to

- allow for random characteristics of the input signal. Additional increase of
efficiency may be provided by ordinary methods described, for example, in [6, 7],
or by preconceived alteration of input signal parameters.

J 4

J D)
a 1

Figure 2. Lengthwise distribution of interaction space of total microwave outputs
for five rcalizations of a noise-type signal where: (a) signal is inserted into delay
system input; (b) signal is inserted by means of electron flux.

The proposed methods of analysis and numerical calculations on computer let us
cvaluate the energy possibilities of TWT with amplification of wide-band noise-
type oscillations.  Cases of insertion of high-frequency power directly into the
delay system and via electron flux were analyzed. The results of computation
showed that with amplification of noise-type oscillations in TWT there is a drop
in output power as compared with the amplification of monochromatic oscillations;
in actual devices, designed for amplification of harmonic signals, this could be
extremely significant and could make it necessary to incorporate design changes.

Figure 3. Lengthwise distribution of interaction space of averaged total
microwave power where: (1) noise-type signal is inserted into delay system input
(upper scale of y-axis); (2) noise-type signal is inserted via electron flux (lower
scale of y-axis); (3) harmonic signal is inserted into input of delay system.
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GEOPHYSICS, ASTRONOMY AND SPACE

A SPECIALIZED COMPUTER FOR MARINE DIGITAL GRAVIMETERS
Moscow PRIKLADNAYA GEOFIZIKA in Russian No 88, 1977 pp 102~11l

L Arbif%e by A. V. Staklo: "A Specialized Computer for Marine Digital Gravi-
meters

["Text_/ Taut-wire gravimeters and accelerometers (4,6), the AMG / automated

- marine gravimeter_/ %10) and the TsAG /[ digital automated gravimeter_/ (1)
belong to the class of marine gravimeter devices having output in digital

_ code form. The last-mentioned device is very advanced. New devices, as per
GOST /"All-Union State Standard 7 requirements, are required to have units
which permit recording in digital form. In order to reduce the volume of
recorded data and the time required for final processing of material on a
general-purpose computer and also to provide for convenience in the work of
the operator, it is desireable to carry out initial processing of the gravi-
metric data right at the time of the observation in the ocean.

Basically, initial processing amounts to filtering the signals incoming from
the gravimeter. Computing by readouts from the equipment of a sudden in-
crease in the force of gravity is required in addition to the filtering.
For the majority of gravimeters, gravitational increments may be defined by
the formla (5)

AR kg (n=-ng) d-kq (n-- ng)2, )

where Ky and k2 are the gravimeter constants and ng and n are the initial
and current readouts.

For gravimeters with practically linear characteristics such as the TsAG,
k& = 0.

A filter which makes it possible to separate the signal from the noise in the
best way is called an optimam filter. Of the possible criteria of quality
for a gravimeter, the most important are filter accuracy, high-speed response,
cost and its complexity. In studies (8,9) the characteristics of the output
and noise during marine gravimetric surveying are given making it possible to
conclude that a filter which is optimum according to the criterion of the
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minimm root-mean-square should come close to being an ideal filter for low
frequencies having a very steep characteristic slope with a cutoff frequency
of approximately 0,003 Hz.

Closest to the ideal filter are the Battervort, the Chebyshev, the elliptical
and others. In principle, any of them may be used for solving the problem
of separating a gravimetric signal from noise. In practice, filters which
have a simpler structure are often used. Multistage filtering with variable
outoff (6) is especially easy to program and requires a small expenditure of
machine time.

Let us examine the construction of digital filters from the point of view of
the convenience in implementing them in a specialized unit. For a descrip~
tion of digital filters it is convenient to use a z-transform which is a
discrete analog Laplace transform (2,7). If the transfer function of the
linear system is represented in the form

M N

W= X end /Y dat, M<N,
i=Q ne=p

then the corresponding discrete transfer function is expressed in general
form as follows:

N-1 N
f=1

=0

where z = 5T 18 the shift in time T statement.

If at least one value b, is not equal to zero, then the filter in expression
(2) is recursive, that is for generating the output signal not only the value
of the input signal is used but also the previous value of the output. If
all b, = 0 then the filter has a nonrecursive structure and a simple linear
weighéing of the input readouts is used for generating the output signal.

Nonrecursive filters may have excellent phase characteristics but a large
mumber of sections is required for achieving a sharp cutoff. Filters with
a sharp cutoff of the frequency characteristic are easy to design using a
recursive structure.

For illustration let us consider the design of a digital Battervort filter.
The square of the modulus of the frequency characteristic of this filter is

LW ()15 [0 (=)™ (s/ae™] L, ' @
where W, is the cutoff frequency.

In this case it is convenient to make use of a bilinear z~transform (7) using
the substitution

1--2-1 2

TR T G)
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The transfer function of the required digital filter based on (3) and (4) is

w = e -n [ (F) /A )

In this expreuiion only m roots of the polynomial of the denominator are
retained in z™ which exceed the unit oircumference (in terms of analog theory
this means that the roots of the denominator of the transfer function ws 3
which 1ie to the left of the half-plane s (7) are retained). For the adtial
filter produced in study (9) with m = 5 and a cutoff frequency Wq = 0,02 c"l,

) 10413 (10 521 L W22 ' f0z=0 1. Bz=4 2. 223)
W) g — 7 2a T | 1007282 1

')

CILYUUDE S ] QU023 -4 = 0005763

From expressions (5) and (5') it is evident that the structure of the filter
turns out to be rather complicated. In a general case, 2m cells for storing
the factors is required and during adjustment of the filter all the factors
are varied. A high level of acouracy in representing the factors is necessary
when designing a high order digital filter in linear mode. In addition,
serious problems arise in the stability of the digital filter.

Similar high order filters may be implemented in general-purpose computers.
In a specialized unit it is desireable to use a simpler and more conveniently
implemented filter.

The structure and parameters of the Battervort filter considered previously
are shown in study (9) and based on the spectral density values of the sig-
nal and noise. In order to determine the perwiszible limits of the filter
charaoteristics, it is necessary to vary the criterion somewhat; specifically,
it is predetermined by the required values of the transfer function in the
area of the useful signal and the noise. The desired filter should produce

a small attenuation of the signal and a practically complete quenching of the
noise. An optimum filter in this case will serve as a reference, as a theo-
retical limit in accuracy.

Considering that the cutoff frequency of the signal during marine observations
is approximately 0.003 Hz, the attenuation previously produced by the optimum
filter, that is 3 dB, must be attained at this frequency. At the base fre-
quency of oscillation of the ship (about 0.1 Hz) the attenuation should be

at least 120 dB. Such noise from long-period oscillation of the sea level
(1-2 min) which reaches 10-20 milligal is critical. Consequently, the atten-
uation at these frequencies should be at least 4O dB. From the large rumber
of filters which achieve the assigned attenuation value, let us pick out

those vhich have the highest-speed response and small phase distortions in
the area of the useful signal aiong with an uncomplicated structure.

Transfer functions of the large category of filters which includes, in parti-
cular, the Battervort, Bessel'!, Chebyshev and other filters may be represented
in the form

m
wi - IS, ()
) m it ‘
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In the case which interests us, the terminals -s\_l are close to the virtual
axis on the plane s. Here it approﬁmatea (2)

mn ol .
Woesyeo I —0n. _l - . (7)
ta (l Yy % g-l)

Thus it i1s logical to design the filter for the specialized digital computer
unit STeVU in the form of a series connection of first order sections. A
series structure for the filter is preferable also from the point of view of
stability. A maximum high-speed response is achieved with sy = By = eee,8, T &
and consequently the desired filter will consist of identical sections.

51017(')/['\ . l[:a huogi)

Fig. 1. Diagram of a First Order Recursive Filter

Key:
l. Input 2. Output
The transfer function
. aT
W (s) = 1—e-oT 51 8)

-,

is a z-transform of the weighting function of the aperiodic section W(t) = e™8%,

With a sufficiently small interval of discreteness T and cutoff frequency a,
the transfer function

(] .

Wiz) rzm (RN
describes the simplest recursive filter schematically illustrated in figure
1. As shown in (3), such a filter is extremely easily implemented, especial-
ly when a = 273, The simplicity of implementation makes it possible to carry
out miltistage filtering by formula (";g.

Let us consider some of the characteristics of this filter. With the input
signal x(nT) acting on the digital filter, the output signal is

., .
winrl, - a%(l--a)‘: (nT --i?. - 0
If x(nT) = 1 at tEe input, then we obtain the transient function
y(nT) = 1-(1-a)™L. The frequency characteristic of the filtes n&& determined
by input to it of a discrete analog of the sine wave x(nT) = e :
1) = (=) y (P ~T) 69T | g (upy = — 27T
Ty W% (1), == o7
(10;
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where
IW ) (Leeeg)2 a2 (] ) vog )" 1y

ORTORL Keudc LAY A
b e R T

The periodicity of the frequency is apparent from (10). For a single-valued
representation of a signal with discrete readouts, its maximum frequency
must be less than w/T. If wT<C1, then the characteristios of (10) corres-
pond to an analog system such as an RC filter with a time constant v = T/a.

During multistage filtering the requirements for sufficient

attenuation with

& noise frequency of 0.1 Hz will be met practically always and noise with
1-2 min periods will be more cri_.ficul. In order to achieve attenuation of
4O dB at the frequency wm O.lc » the following time constants are needed

for each section depending on the filter frequency:

m 4 6 8 10
T 32 20 15 12,5
1W (/) 0,7 0,82 0,86 0,88

The transfer constants in the frequency of the useful signal £q = 0.003 Hz

are placed on the bottom row. It is apparent that the distortion of the
useful signal with the indicated parameter combinations does not exceed ac-

ceptable limits.

The calculations shown indicate that the time constant of che filter and its
frequency may be varied in rather broad limits depending on the problem at
hand. As a result of this, the following section time constants are included
in the described STeVU: 6.4, 12.8, 25.6 and 51.2 sec, with the smallest time
constant intended for laboratory and test unit research and the largest for
potential extremely unfavorable conditions. The filtering frequency may be

adjusted up to m = 10.

Turning to the phase characteristics of this filter, a general observation
must be made. It is known that the characteriat'i‘.js of the filter are improved

considerably by inserting a time delay equal to

(s) when s = 0.

metric surveying, a time delay is perfectly acceptable. Calculating the time
delay during filtering with yariable cutoff, for instance, means that the
result of averaging is related to the mean of the cutoff. When filtering
with an RC filter section it is necessary to include a time delay equal to

the time constant.
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If the phase characteristics turn out to be ideal when filtering with a
variable cutoff or other filters with a symmetrical weighting function,
phase distortions are inevitable for a filter with a transfer function (8).
Nonetheless, with a large m the transfer function approximates the function
of a section with the proper time delay and the phase characteristics are
improved. This is illuatrated in figure 2 in which phase characteristics
are shown which allow for a shift in me for ihe following filters providing
- identical attenuation in frequency w= O.lc™t,

Since the phase distortions may be computed to be negligibly small only for
a signal with a period greater than 1000 sec for two-stage filtering, a
tenth order filter does not produce appreciable phase distortions up to a
signal with a period of 100 sec.

1
"Ml/ amy on ol we'

Fig. 2. Phase Characteristics of Filters
lewt =100 sec, m = 2; 2--1 = 20 sec, m = 6; 3—7 = 12 sec, m = 10.

Thus, the examined filter consisting of series connected numerical analogs

of an aperiodic section achieves a small attenuation and insignificant phase
distortions in the area of the useful signal and practically complete quenching
of the noise. With the inclusion of a time delay, the filter has an order of
astatism equal to two, that is upon completion of the transfer processes,

the linearly varying useful signal is reproduced precisely (7). The described
STsVU (fig. 3), like any digital computer, includes a data input unit (UVD),

a unit for output of results (UVR), an arithmetic unit (AU), a main memory
(02U), a read-only memory (PZU) and a control unit (UU).

The input unit is for converting input values to a form convenient for com-
puting. In this case the input unit of the STsVU is a converter of physical
values to digital code. The conversion of signals of such parameters as
those of TsAG's and taut-wire accelerometers are implemented by a frequency
meter similar to that described in (6). A distinguishing feature is the
availability of a binary counter in addition to the decimal counter. The
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deeimal counter is used for direct measurements, the binary for convenionce
in carrying out computing in the STsWU. The solutions given by such com=-
puting are more economical than using a decimal-binary converter. An interval
of moasurements is selected equal to 0.1 sec.

The output unit is for converting the results of computing to a form convenient
for their further use and their cutput from the STsVU. Three forms of out-
put data are included: recording the results of measurements with a discrete-
ness of 0.1 sec on a tape recorder, punching the computing results at 10 and
60 sec intervals and converting the results to analog form and recording them
on an automatic recorder.

The arithmotic unit is composed of two parts: a computing block for a sudden
inereasc in gravitational force and a filtering block. Computing & sudden
increasec is done by formula (1)s The difference n = n, is produced by set-
ting the binary counter initially to the n, position w?th this value expressed
in complement forme Thus, if &n is positive it is represented in linear

form; if negative it is represented in complement form.

Fig. 3. Block Diagram of an STsVU

Key:
1. Main memory 4o Data input unit ,
2. Read-only memory 5. Unit for output of results
3. Arithmetic unit 6. Control unit

The codes kl, kz,--n are set up in binary form by special switches.

4]
All arithmetic operations are performed by serial codes which simplifies the
unit design and makes it possible to improve the structure's flexibility and
the modular design of the digital circuits. The adopted representation of
numbers in complement form corresponds best to implementing the digital unit
with serial arithmetic, since addition operations may be carried out beginning
with low-order digits without previous knowledge of the numbers and without
later correction of the sums obtained as in the case of reverse code.

The serial input accumulator for adding numbers in complement form is extreme-
ly simple in design. It consists of a complete binary adder with a delay in
one digit for transferring a carry to the input.

For achieving a high level of accuracy of computing, multiplication is done
by retaining all the digits of the product. This is possible because the
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values of the operands are not independent due to the use of the caleulation
in the frequency meter without the loss of the counter pulses.

The filter is implemented in the previously considered cells (see fig. 1).
(()o:;\puting is done by a recursive formula resulting from the transfer function
8),

y(nl 4 T)=p (nT)~ay (nT) 4 azx(nT 4 T). )

Here, the filter version presented in (3) is used in which multiplication
to the factor a = 279 is replaced by a shift to q digits which simplifies
the filter circuit considerably. Fornula (11) using serial arithmetic makes
it possible to construct a filter with only one register in contrast to the
circuit shown in (3). .

The STsVU memory is not isolated structurally in the form of a separate unit.
The factors k,,k, and n, are stored in the read-only memory. The main memory
is allocated and conposgd of registers in the computer and filter.

The control unit produces the control signals needed for computing. A clock
frequency of 10 Hz is preset by a crystal oscillator and the frequency divi-
ders of the input unit.

Fige 4. Frequency Characteristics of the STsVU Filter
le=m = 4} 2-=-m = 6.

The STsVU is constructed of integrated microcircuits. Indeed, their use has
made it possible to develop an effective instrument of this sort. The fre-
quency characteristics of the STsVU, the transient and weighting functions
have been plotted during laboratory research. Although the performance of
the filter is described completely by any of these characteristics, it is
more graphic to use all three for analyzing the corresponding frequency,
time and phase characteristics of the system.
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Fige 5. Transient (a) and Weighting (b) Functions of the Filter
le=m =43 2=~ m=z6; 3==m = 8; 4==m = 10,

The frequency characteristic of the STsVU is plotted in the area of noise
with the period Tz for the time constant tm 6.4 sec and m = 4 and 6 (£igels).
For large time constants and rates of acceleration it is impossible to ana-
lyze experimentally the value of the noise at the output of the filter. The
plotted characteristics coincide with the theoretical, which attests to the
accurate operation of the filter's digital circuits.

Although the characteristics of digital filters are calculated with a high
level of precision, nonetheless it is interesting to study the system of
gravimeters: filters for signals which simulate a gravitational field up to
periods of 1000-2000 sec with an amplitude to several milligals.

Transient processes in the examined STsVU (fige 5) may be characterized by
the following valuvs: the duration of the :wansient process, that is the
time from the moment of input of the signal 1(t) to the moment when the sig-
nal reaches the value 0.99 at the output, the time delay from the moment of
reaching the 0.5 level and the time for the gain to equal l/y(t)m.

The dependence of these characteristics on the filter frequency (fig. 6) for
the time of the transient process and the delay time with m>4 is practically
linear, while the delay time is equal to mt . The delay time with large
frequencies depends on m slightly. The weighting functions plotted experimen-
tally (fig. 5) coincide with the theoretical as defined by the formila

‘.-Ilt‘m-l
(m-——l)ll"'-‘_' ’

Note that with an increase in the filtering frequency the weighting function
becomss ever more symmetrical which corresponds to the conclusion on the
improvement of the phase characteristics.

W) e
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t/t

Fig. 6. Characteristics of Transient Processes
1--~time of the transient process, 2-- delay time, 3—— increment time.

The atated theoretical and experimental data allows the following conclusions
to be drawn.

l. The described STsVU has made it possible to record both a digital
and an analog form of the value of gravitational force, filtered out from
noise related to vertical accelerations by means of the operation of high-
speed response gravimeters.

2., The use of an STsVU makes it possible for an operator to analyze the
gravimeter operation and the nature of the gravitational field right at the
time of the observations and to correct the filtering parameters depending
on the conditions of the observations.
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GEOPHYSICS, ASTRONOMY AND SPACE

UDC 532.42
FIRST RESULTS OF SCIENTIFIC EXPERIMENTS ON 'VENERA-11' AND 'VENERA-12'
Moscow PIS'MA V ASTRONOMICHESK1Y LHURNAL in Russian Yd 5, No 1,1979 vp 3=7

| Text'| Soviet interplanetary automatic stations "Venera-11" and 'Venara-12."
V. L, Barsukov, V. G. Zolotukhin, V, M, Kovtunenko, and R. Z. Sagdeyaev.
Soviet interplanetary automatic stations "Venera-11" and "Venera-12" are
close in deaign to "Venera-10," however they were equipped with completely
different instruments, The experiments conducted during the descent of the
stations into the Venutian atmosphere were aimed at studying three main
problems:

a) Fine chemical analysis of atmospheric gases;
b) Nature of clouds;
c¢) Thermal balance of atmosphera.

Below 18 a 1ist of the instruments designed to study tiwe atmosphere, and the
problems for which the information obtained with their help is important are
noted in parentheses:

1. Mass-spectrometer (a, b).

2, Gas chromatograph (a, b).

3. Optic spectrometer and photometer (a, b, c¢),

4. Nephelometer (b),

5. X-ray fluorescent spectrometer (b).

6. Instrument to measure electrical activity of atmosphere (b, c).

In addition measurements were made of temperature, pressure and aerodynamic
G-forces. All the experiments were successful. Below are the first reports

of their results. The dates of launching, landing, coordinates of the landing

points, zenith distance of the sun at points of landing, as well as the pres-
sure and temperature at the surface are as follows:

) "Venera-11" ""Venera-12"
Date of launching 9 October, 1978 14 October, 1978
Date of landing 25 December, 1978 21 December, 1978
Latitude -13° -
Long{tude 300° 294°
Zenith distance of sun 19° 24°
Temperature on surface 735K 743K
Pressure on surface 92 atm 90 atm
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The flight apparatus of the interplanetary automatic stations "Venera-11" and
"Venera-12" after aseparation of the duscent vehicle passed the planet
at an altitude of about 34,000 km, They provided retransmission of infor-
mation from the dexcent vehiele, and also carried a set of scientific
instruments designed to study the upper atmosphere of Venus (UV-spactrometer,
see below the report on the results), solar wind, cosmic sources of gamma-
radiation. In the process of preparing and testing the set of scientific appa-
v ratus a system was set up for express processing of scientific information

chla:: llnad. it possible to rapidly process data from the flight and descent
vehteloe.

Measurements of cilemical and isotope composition of atmosphere with a mass-
spectrometer. V. G, Istomiu, K. V., Grechnev, V. A. Kochnev, V. A. Pavlenko,

- L. N, Ozerov, and V. G. Klimovitskiy. On the descent vehicle of "Venera-

11" and "Venera-12" mass-spectrometric measurements were made on the atmos-

pheric composition. In both experiments mass-spectrometers were engaged at

altitude ~24 km, and operated all the way to landing of the apparatus. A

- comparison of the mass-spectra from the two apparatus shows the complets iden-
tity of the findings. The main characteristics of the employed mass-spectro-
meters are such that the range from 11 to 105 MU is scanned in 7 s, whereby the
resolution at level 0.1 peak is~35; the time for taking a gas sampls is ic6s
than 5 x 10-3 s, frequency of sampling--once in 3 minutes. A total of 2%
samples were taken and about 200 mass-spectra were transmitted to earth.

As 8 result of the measurements it was established that in additi-n to the
main component--CO, the Venutian atmosphere has a considerable quantity of
nitrogen (about 5 volZ). The mass-spectrometer also detected (as a small compo-
nent) water vapor (a surplus at peaks 17 and 18 MU); there are indications of
the presence of chlorine in comparable amounts (at 35 MU), sulfur (excesz at
peak 32 MU), and possibly, compounds containing chlorine and sulfur.

The isotope composition of carbon measured from ratios of peaks 13 and 12 MU,
with error about 107 correspénd to Earth's (13c/12cx1.1 x 10-2),

The mass-spectrometer also recorded argon isotopes (36, 38 and 40 MU), neon
(20 MU) ang krypton (84 MU). The summary c nt of all the argon 1sptopeza-
about 10720/0,” content of neon -20--about 10~39/0, and krypton-84--5 x 104070,

The 1sotope composition of argon in the Venutian atmosphere reveals a strong
anomaly in comparison to the isotope composition of argon in the Earth's
atmosphere: an abundance of "secondary" (radiogenic) isotope “VAr in the
ngmghere of Venus equal to the summary abundance of "primary" isotopes of

Ax, 8Ar Relatively the abundances of both "primary" isotopes of argon in
the Venutian atmosphere, on the other hand, agree well with those for the
argon isotopes of Farth's atmosphere (306Ar/38arvs),

Analysis of chemical composition of Yenutian atmosphere by gas-chromatographic
method. B. G. Gel'man, V. G. Zolotukhin, V. V. Kazakov, N. I. Lamonov, A, 1.
Lipatov, B. V. Levchuk, L. M, Mukhin, D. F. Nenarokov, B. P. Okhotnikov, A. V,
Sinel’nikov, V. A. Rotin, and V. N. Khokhlov., The small-sized gas chromato-
graph "Sigma" was installed aboard the Soviet automatic stations "Venera-11'
and "Venera-12" for chemical analysis of the Vanutian atmosphere.
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The main feature of the given chromatograph--use of a spacial ionization
detector in which the admixture to be analyzed is ionized by metastable atoms
of neon. In the boginning of the measuring cycle the chromatograph conducted
a "dummy" analysis, verified its efficiency with the help of an electrical
test-signal, and carried out calibration with the help of a control gas
mixture. A special device for taking in the samples excluded the entrance
into the instrument of foreign admixtures associated with the functioning of
the releasable apparatus.

With the haelp of the gas chromatograph "Sigma" nine analyses were made of
samples of the Venutian atmosphere. Express processing of the findings showed
the presence in the atmosphere besides CO, (main component) of a whole
number of gases-~-nitrogen (~27%), argon <~6.4 x 10~20/0), and carbon monoxide
(several thousands of a percent), Based on the analyses made one can draw a

- preliminary conclusion about the presence in the Venutian atmosphere of sulfur
compounds (including SO, on the level 10-2 volumetric percents).

Spectrophotometric study of scattering and absorption of solar radiation in
the Venutian atmosphere. Yu. M. Golovin, V. I. Moroz, B. Ye. Moshkin, N. A,
Parfent'yev, N. F. San'ko, and A. P. Ekonomov. On the dcscent vehicle

after opening of the parachute every 10 s with the help of an instrument espac-
ially created for this purpose the spectrum of the diurnal Venutian sky was
racorded in the range from 4,500 to 12,000 &, and the angular distribution of
brightness of scattered radiation for filters: 4,900, 7,100, 10,200, and 13,000
A (effective wavelengths). The spectral channel of the instrument provides
resolution of MAA %30, photometric A/4A~4, with angular resolution of botlt
channels about 15°, Study of the spectra of the Venutian diurnal sky on the
Soviet releasable apparatus was carried out for the first time, on "Pioner-
Venus" this task was not set up.

The findings (about 500 spectra and angular scans) demomstrated a gradual
change in the distribution of energy in the spectrum for scattered solar radi-
ation as the spacecrafts entered deeper into the atmosphere, This change was
governed by aerosol scattering (on particles of clouds), gas Rayleigh scat-
tering and absorption in absorption bands belonging to CO, and H20. In the
spactra obtained directly from ths surface and near it deep bands of CO2 are
visible (\7,800, 8,700, 10,500 A) and Hy0 (28,200, 9,500, 11,400 A). A
. broad region of true absorption, as yet unidentified, is observed at these
altitudes in the interval 4,600-5,500 A, In the interval from 6,000 to 8,500
A the intensity of scattered solar radiation from the height of parachute
opening to the surface is reduced roughly 10-fold; within the cloud layer--
only 2-fold., The lower border of clouds is located at altitude about 48-50 km,
and near it the volumetric scattering coefficient is the maximum.

As a result of an analysis and interpretation of this material it is proposed
that data will be obtained on the chemical composition, structure of the cloud
layer and thermal balance of the atmosphere.

- Studies of aerosol camponent of the Venutian atmosphere. M. Ya. Marov, V. N.
Lebedev, V. Ye. Lystsev, and K. K. Manuylov., The back-scattering nephelometer
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installed on the deseent vehicle 18 a source of modulated frequency for
kHz of sounding radiation at wavelength 0,92 m with half width 0.015 m for
the level 0.5, and photometer recording this radiation scattered by the
external medium into the rear hemisphere in the range of angles 174-180° that
are united into a single block.

According to the results of a preliminary analysis of the obtained information
the conclusion was confirmed that was made on the basis of nephelometric meas-
urements on "Venera-9" and "Venara-10" on the position of the lower border of
clouds at altitude about 48-49 km. The cloud cover near the lower border
(between 48 and 51 km) either possesses increased optic density, or here

large particles with high refraction index n begin to make a noticeable contri-
bution., Below the clouds the atmosphere as a whole 1s fairly transparent,
however thers are regions where due to the presence of aerosol the amount of
back scattering increases. Besides the areas of aerosol that we praviously
noted near 14-17 km one can isolate a similar region between 5 and 10 km.

Based on the model that we proposed (large aerosol particles with small # 42
2,5(im, n*1.8-2.0 and small volumetric concentration N~1-2 em=3) one can hypo-
thesize that the aerosol under the clouds, like the aerosol near the lower
border of clouds is particles of sulfur (nwl.9), which agrees with Young's
theoretical model. At the same time with regard for the effectiveness of
exhalation of volatile substances with a high surface temperature and the
probability of their condensation in the atmosphere at different levels it is
impossible to exclude the possibility of another identification of the detected
local regions of aercsol in the lower atmosphere of the planet,

Experiment "Groza." L, V. Ksanfomaliti, O. F. Ganpantserova, Ye. V. Petrova,
and A. P, Suvorov, The task of the experiment was to study the electrical
activity of Venutian atmosphere, A long-wave spectrum analyzer was used with
range 8-100 kHz with an external antenna. It had an scoustic channel with

3 external scnsor.

The electromagnetic fields of an impulse nature found during the descent of
"Venera-12" had degree of intansity 100-250 uV'/m at 10 kHz snd 20-30 uV/m at
18 kHz. The impulses were grouped into two separate packages and ware lacking
between them. At altitudes below 2 km and on the surface the amplitude of the
impulses was very low.

A comparison of the results obtained by the two apparatus that had similar
routes showed that the phenomena associated with the movement and electrifi-
cation of the apparatus were insignificant, Only one group approximately
made of 103 impulses at altitudes 5-11 km coincide. In the middle of the
descent of "Venera-11" for 13 minutes a large group of impulses was recorded
(up to 25 imp/s) with field intensity up to 700, 130, 40 and 6 uV/m at
frequencies 10, 18, 36 and 80 kHz respectively. The falling spectral charae-
teristics makes it possible, upon analogy with Earth's storms, to consider
the source fairly distant. Another group of impulses apparently belongs to

. a source with small angular dimensions.

Thus a preliminary analysic of the experimental results makes it possible to
hypothesize that the recorded impulses of the field are linked to processes
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in the Venutian atmosphere. The frequency of succession of impulses greatly

- exceads that observed during Barth's storms. Below the level 2 km and on the
surface of the planat the field intensity drops sharply; it is not excluded
that the lower layer of the Venutian atmosphexre has a strong screening effect
in the range 8-100 kHz.

The acoustic channel during descent of the apparatus recorded an aerodynamic
noise with level over 88 db, During landing the noise ceased, after which
there were individual impulse sounds linked to the operation of the apparatus.
In 32 minutes after landing of "Venera-11" a sound was noted with level about
82 db of an unknown origin.

Study of scattered ultraviolet radiation in the upper Venutian atmosphere from
the flight apparatus. zh. L. Berto, zh. E. Blamon, V. G. Kurt, A. S. Sairnov,
and N. N. Romanova. To study the scattered ultraviolet radiation in the upper
Venutian atmosphere a multiple-channel diffraction spectrometer to racord
simultaneouely radiation in 10 spectral channels in the region of the spectrum
from 300 to 1,657 K was installed on the flight apparatus. The optic axis
of the spectrometer was oriented roughly in an antisolar direction and scanned
- the illuminated disc of the planet during the near-planet session of measure-
ments lasting over 2 h. The apparatus passed a distance 40,000 km (6.6 radii
from the center of the planet), and the angular diameter of the planet was
17°. The optic axis ‘' of the spectrometer scanned the Venutian disc almost
along the diameter: the minimum distance from the center of the planet was
3.4 and 4.5° (for "Venera-12" and "Venera-11" respectively). At the end of
the session the visual beam passed a distance 3 radii from the center of the
planet.

In the channel A1,216 A (HI) the rise in the signal was noticeable throughout
the entire session, in the channel X584 A (Hel) there was also a certain rise
noted in the signal far from the planet., In the other channels the signal
differed from the level of the background only during sighting of the planetary
disc. The table presents the rates of counting (in un, imp/s) for the back-
ground and illuminated disc, as well as the ratio of these amounts.

1 2
A "'lnu(m ) "JS“%?..I (32:1’% I‘ TN i '(!-!'w}n I ”(m a (3)':\'"0
- \
J04 0,0 6.0 10.8 ioo1216 28,4 1000 )
8 2,60 150 7.7 {10 2,08 80 38.4
76 1.6 1 a0 150 2.05 5.2 2,53
- B 4.3 21 AR 11657 2,32 3.7 1.50
1048 10,8 20 1.85 |
- Key:
- 1. npackground 2. ngysc 3. ng/my

In order to determine the intensity in the selected lines of the spectrum

it 1s necessary to consider the scattered light in the spectrometer that mainly
emerges from the radiation lines A1,216 and 1,300 A, The maximum of instru-
ment scnsitivity is reached near 800 A (about 1 imp/s for 1 Rayleigh), on line
A1,216 A the sensitivity drops to 1 imp/s for 10 Rayleighs.
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The measurement data obtained from the two stations are in good agreement
with each other,

Study of aerosol of the Venutian cloud layer. Yu. A. Surkov, F. F. Kirnozov,
V. K. Khristianov V. 1. Gur'yanov, V. N. Glazov, B. N, Korchuganov, and A. G,
Dunchenko. On the automatic interplanetary station "Venera-12" for the first
time an attempt was made to determine the element composition of aerosol in
the Venutian cloud layer with the help of an x-ray-flourescent analyzer.

The instrument consists of a detector block which was installed outside the
hermetically sealed module of the descent vehicle, and multiple-channel
analyzer of impulse amplitude placed within the hermetically sealed module.
The detector block contains: a) Analytical section in which a filter for
collecting aerosol, radioisotope sources and detectors of fluorescent radia-
tion are located; b) Electronic section containing preamplifiers, and ampli-
fiers, power sources and so forth; c¢) Microsupercharger to pump atmosphere
through and settle aexosol on the filter. The multiple-channel analyzer of
impulse amplitude has 256 channels with capacity of 216 impulses in each
channel. It is divided into 2 sections of 128 channels each in which signals
enter fram 2 detectors. The first records the spectrum of fluorescent radi-
ation excited in the aerosol by the isotope source of iron-55, the second--
by isotope source of cadmium-109.

The instrument operated on the segment of the parachute descent of the station
in theVenutian atmosphere at altitudes approximately from 60 to 45 km above
the surface. During the passage of this segment about 1 m3 atmosphere was
pumped through the instrument. Simultaneously with settling of the aerosol
on the filter it was irradiated by radio-isotupe sourcas and the spectra of

- the excited fluorescent radiation was recorded.

Measurements were made of 2 spectra in the ranges of energy from ~1 to 7.5
keV, and fram v1.5 to 15 keV, and a change was also recorded in the rate of
counting during the accumulation of asrosol and measurement of spectra.
According to preliminary data the presence of chlorine was found in the compo-
sition of aerosol, and the presence of sulfur was not excluded while the
presence of mercury in a quantity greater than 1 x 10~Y g/cm3 was excluded.
Received 3 January, 1979

COPYRIGHT: Izdatel'stvo "Nauka," "Pis'ma v AZH," 1979
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PHYSICS

UDC 621.375.826.038.823

INVESTIGATING THE NOISE CHARACTERISTICS OF AN OPTICAL AMPLIFIER
IN A XE~HE MIXTURE (A = 3.51 microns)

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, 1979
signed to press 12 Sep 77 pp 91-94

{Article by V. P. Logvinoy, I. P. Mazan'ko and V. A. Tsar'kov]

[Text] The results of investigating the noise

of a receiving system, consisting of a photo-

detector and sectional single-mode optical
- amplifier with high amplification factor (on
the order of 107) are reported. It is shown
that the noise introduced by the optical
amplifier is technical in nature and the
modulation noise is considerably less than the
additive noise with input laser signal power
less than 1012 W, The pnotodetecting system in
the frequency range from 10 to 100 kHz had a
threshold sensitivity on the order of 10-16
w/Hz1l/2,

One of the most important characteristics of a weak signal
optical amplifier (OU) is the noise introduced by it. The
additive noise of OU spontaneous emission impinging on the

_ photodetector and so-called multiplicative or modulation
noise are distinqguished. Estimates from the results of
previous investigations show that natural additive noise of
a xenon-helium amplifier of special design (optimum by noise)
{1, 2] has a value on the order of 10~17 W/Hzl/z, which is
considerably less than threshold sensitivity of standard
infrared photodetectors. However, available data on the noise
characteristics of »snon-helium OU [3, 4) are usually
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_ qualitative in nature and do not permit one to make specific
conclusions either about the capabilitiaes of these OU or about
the nature of their natural noise. The results of investigating
the noise of a xenon-helium OU, which has a high amplification
factor (K approximately 5 - 106) are outlined in this paper.

The investigations were conducted on an installation whose
diagram is presented in Figure 1. The emission of xenon-helium
laser (optical generator 0G) operating at a wavelength of 3.51
microns, passed through a glass attenuator 0, matching lenses
L1 and L, and entered the cptical amplifier OU. The amplified
emission was detected by a photodetector FP, as which a photo-
resistor, cooled to nitrogen temperature, based on indium
antimonide with threshold sensitivity of 6:10~11 w/Hz1/2 at a
frequency of 100 kHz, was used. One of the mirrors of the

- probing OG was placed in plezoceramics PX, which made it possible
to readjust its frequency; the output emission was modulated by
a mechanical breaker P. The OU operated in a single diffraction
mode [1] and consisted of two stages K, and K,, matching between
which was accomplished by a lens L, and diaphragms Dj; and Dj.
Lenses L3 and Lgs formed the input and output beams, respectively.
The photoresponse voltage was amplified by a preamplifier PU and
was fed to the spectral analyzer AS input.

ni(_.ali___.‘ g n n A
:J&ﬁﬁiitft = NN
-----------
on }ﬁ LI A mﬁ [ jﬁ NE
A | oA |
_ oy T !

Figure 1. Diagram of Experimental
Installation.
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*he spectra of the photodetector noise, caused by spontaneous
smission of the OU and by the amplified laser signal, are
thown in Figure 2, a. The spontaneous emissive power of the
OU impinging on the photodetector had a value of approximately
5 uW, while the intensity fluctuations of the probing 0G (with
power of the last order of several microwatts) were negligible
over the entire range of investigated fraequencies. It is
obvious that all the graphs have sharp rises in the region of
30-40 kHz and approximately 70 kHz, apparently caused by the
presence of raegular plasma osclillations (strata) in the
dischargae.

The spectrum of the discharge current fluctuations of the first
stage K; is shown in Figure 2, b for comparison. It is easy to

1 note the specific correlation between the spectra and Figure 2,
a and b (for current of 21mA). We note that the spectra of
spontaneous emission fluctuations and the spectra of current
fluctuations of the second stage have no sharply marked rises
at typical frequencies.

$, 10" bm-a’

6
4
Omw. &4,
, !
1610 4m 25ma

! 810°"8m

i 3810"Pm 2Ima
q . . . . M0 A ~

0 W w0 60 80 mofAe 0 10 K . 30 w0irey

a

Figure 2. Spectra Reduced To OU Input Of Noise (a)
And Discharge Current Fluctuations Of First
Stage (b). The numbers near the curves
indicate the input laser signal power kah
(a) and the value of the first stage discharge
current (b). The second stage current is 1lO0mA.
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The shape of the spactrum and the absolute value of the spectral
density of noise are strongly dependent on the first stage
discharge current of the OU (Figures 2, b and 3). The
dependence of the signal/noise ratio on the values of the
discharge currents of the stages are shown in Figure 3.
Reception was accomplished at a frequercy of 1 kHz (the
mechanical cut-off frequency of the 0G signal) and the radio-
amplifier band comprised approximately 60 Hz. Figure 3 shows
that the maximum amplification is shifted to the range of
high currents with respect to the maximum signal/noise, i.e.,
amplification is maximum in the region of a sharp increase of
plasma fluctuations.

An increase of input laser signal power leads to an increase
of amplifier noise due to modulation addition.(Figures 1 and 4).
Measurements at a frequency of 1 kHz showed that the modulation
noise increases, as one would expect, in proportion to the
input laser signal power (with variation from 10-14 to 10-11 W)
- and it is comparable in value to additive noise at power of
approximately 10-12 W (Figure 4). The further increase of
input signal power (from 10-11l to 10~9 W) did not lead to an
increase of modulation noise due to amplifier saturation [5].
Moreover, the total amplifier noise level even decreased due
to a decrease of additive noise, since the latter is the product
of the spontaneous emissive power of the effective source
located at the beginning of the OU by its amplification factor
for spontaneous emission [5) (the latter was saturated by the
laser signal). However, a drop of %' amplification occurs
more rapidly than a decrease of necise since the saturated OU
has worse noise characteristics compared to a linear
(unsaturated) OU.

The results of the investigations permit one to make the
following conclusions.
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Figure 3. Dependence Of Signal/Noise Ratio On Discharge
Current: a-of second stage (kah = 2.0»10‘11w,
the first stage is switched off) and b-of the
first stage (W, = 1.7:10713w, the second stage
current is 8.5mA). The dependence of amplifi~-
- cation on current (in relative units) is shown
by the dashed line.

KEY:
1. signal/noise.

1. The noise of a photodetector plus xenon-helium OU system
was determined in the given case primarily by plasma parameter
fluctuations. Local fluctuations (along the discharge length),
which lead to relatively deep modulation of the intensity of the
spontaneous emission source, apparently have the most signifi-
cant effect on OU noise.

2. The spectral density of the additive noise of a xenon-
helium OU with high amplification (on the order of 70 dB)
comprises a value on the ordar of 10_9 W/Hz1 , which exceeds
the threshold sensitivity of infrared photodetectors by more
than an order.

Solo® bmegtt

g 0 g Wi, P
[Caption for Figure 4 on fellowing page]
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Figure 4. Modulation Noise Reduced To OU Input As A
Function Of Input Laser Emissive Power W .
The additive noise level is shown by the dashed
line.

3. The shape of the spectrum and the absolute value of the
spectral noise density of the OU are considerably dependent
on the values of the discharge currents of the stages and the
optimum gignal/noise ratio does not coincide with the maximum
amplification as a function of currant.

4, Modulation noise is significantly less than additive noise

at input laser signals with power less than approximately 10"12
W.

5. The linear operating mode of an OU is preferable since a
nonlinear optical amplifier has considerably worse noise
characteristics.

In conclusion the authors feel it their duty to express deep
gratitude to Yu. V. Denisov for fruitful assistance in the
pPaper and participation in discussion of the results.
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PHYSICS

UDC 621.375.826.,038,.823

INVESTIGATING THE NOISE OF A DC DISCHARGE PLASMA IN AN OPTICAL
AMPLIFIER OPERATING IN A MIXTURE OF HE AND XE

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, 1979 gigned
to press 12 Sep 77 pp 95-98

lArticle by V. I. Logvinov, N. I, Reznichenko and V. A.
_ Tsar'kov]

(Text] The results of investigating the noise
of a DC discharge plasma in an opitcal amplifier
operating in a HE-XE mixture are reported. It
is shown that the DC discharge in a HE-XE
mixture is characterized by the presence of a
zone of reactive oscillations (at low currents),
strata (at high currents) and anoscillation-
free section (in the intermediate region of
currents). The current boundaries of the
oscillation-free section are constricted with

an increase of filament voltage. When the
strata are excited, they are amplified in the
direction toward the cathode and the local
percentage modulation of the lateral spontaneous
emission in the visible region of the spectrum
may reach 100 percent. The strata had the
following characteristics: wavelength of
approximately lcm, frequency of approximately
30kHz and phase velocity of approximately 104cm/sec.

The optimum quantum noise level for two-stage design noise for
xenon-helium opitcal amplifier (OU) (A= 3.51 microns) is
several orders below the noise level of the best infrared
photodetectors [1]). However, it has been noted in the
literature {2) that the additive noise of 0OU may have a value
appreciably exceeding the sensitivity threshold of a standard
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photodetector. fThis noilse is apparently technical in nature
and may specifically be caused by fluctuations of plasma
parameters. We note that there is practically no data in
the literature on investigation on the noise propertiaeas of a
discharge in a xenon-helium mixture. The results of
investigating the conditions for the occurrence and the
existence of oscillations in a discharge plasma in the
cuvettes of a xenon-helium OU are outlined in this paper.

The OU cuvette was placed on a movable platform which could
be moved along the horizontal axis with respect to a vertical
slit diaphragm. The lateral spontaneous emission of the

narrow section of the discharge (on the order of lmm) passed
through the glass wall of the cuvette, was modulated by a
mechanical breaker and was detected by a photodetector, as
which a silicon photodiode with maximum sensitivity in the
visible region of the spectrum was used. The photoresponse
voltage was amplified by a radio preamplifier and was fed to

a spectral analyzer and synschronous detector. The current
fluctuation signal (which was a reference signal for syn-
schronous detection when measuring the wavelength of the strata)
_ was taken from the resistor in the cathode discharge circuit.
,, The currents in both arms of the cuvette were balanced during
measurement. The cuvette parameters used in the experiments
are presented in the table. All the cuvettes had two-anode
design with central hot cathode and were equipped with a bypass
channel which made it possible to eliminate separation of the
mixture due to cataphoresis.

§§) ; WE) ) (5)
N DuyTtpenunil pu'ulﬁf;?:oro rig}mlm;ll:jg:? Obniee Oprmesanna
RURMETP, MM | LPUMCIRYTRA, nancHuit AabJIcHRAe,
MK He:xe. TOP
7 1 6 400 154 24 roxprenoi(6)
IpeccoBaHBE!
It IMTEIPeBOH aHOJH!
2 10 310 30:1 1,7 xonsnesne(7)
TIpeccoBagHLIe
. anoAR
- 3 8 v 400 15:4 48 ,

[Key for table on following page}
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KBY:
1. Inner diameter, mm 4, Total pressure, torr
2. Length of discharge 5. Comments
interval, mm 6. Annular molded and pin
3. Partial pressure anodes
ratio of HE:XE 7. Annular molded anodes

We note that the necessity of operating in the visible region
of the spectrum was caused by the absence of appropriate
infrared photodetectors. The low threshold sensitivity of the
latter makes it impossible to record lateral spontaneous
emission at a wavelength of 3.51 microns. However, the nature
of the behavior of spontaneous emission in the infrared and
visible regions of the spectrum should not differ significantly
since the xenon levels are populated primarily as a result of
direct electron impact (3].

S, gt

100

~—————

S - =

1 L : N
I TR T S Y
Figure 1. Emission (Solid Curves) And Current
(Dashed Curve) Noise Spectra For
- Cuvette 1 With Filament Voltage Of

Un = 11V, The numbers near the curves
indicate the value of the discharge
current.

The intensity fluctuation speetra of latera. spontaneous
emission S and of discharge current S§; for a cuvette 1 (see
table) at gifferent values of discharge current I, (here and
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further we have in mind current in each arm of the cuvette)
are presented in Figure 1, The appreciable correlation
between the spectra is clearly obvious; both have typical
peaks which indicate the presence of raqularoscillations. The

" spectral noise density increases with an increase of discharge

current, the spectrum is enriched with new components and the
frequency of the mainoscillation decreases. The typical pattern
of intensity modulation distribution of lateral spontaneous
emission along the length of the cuvette (see Figure 3, a)
permits one to assume that these regularoscillations are strata
(4-6]. The similarity of the current fluctuation and emission
intensity fluctuation spectra is explained by the fact that

the traveling strata modulate the discharge current. Sharp
peaks were detected at Srequencies of 8-9 kHz and (considerably
less in a value) at frequencies of 16-18 kHz, caused by the
presence of reactive plasmaoscillations (7], for this same
cuvette at currents less than the lower boundary of existence

of the strata. The amplitude of these peaks
constant along the length of the cuvette, as
of the signal and discharge current phases.

of the percentdge modulation of emission and
with an increase of the latter was observed.

was approximately
was the difference
Moreover, a drop
discharge current
The dependence of

the frequencies of the strata and reactiveoscillations on a

discharge current are presented in Figure 2.
the presence of hysteresis and sections with
the stratal branch.

L 1 1 H i
[ N T .SOIP,m!

[Caption for Figure 2 on following pagel
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Figure 2. Dependence On Current: l-reactive oscillation
frequency in cuvaette 1l; 2-of strata in cuvette
l; 3-of strata in cuvette 2. The arrows on
the curves indicate the direction of current
variation.

The results of measuring the percentage modulation M of the
lateral emission of cuvettes 1 and 2 by strata at different
discharge currents are presented in Figure 3, a and b. It is
obvious that amplification of the strata occurs toward the
cathode (unlike a neon-helium mixture where the strata are
amplified toward the anode (5]). We note that amplification
of the strata toward the cathode is also observed in pure
helium and xenon [8, 9]. The distribution of percentage

. modulation is symmetrical with respect to the cathode for
cuvette 2. The asymmetry of distribution for cuvette 1 was
apparently caused by the fact that, unlike cuvette 2, it had
different anodes: an anode in the form of a molybdenum rod
(the left anode in Figure 3, a) and an annular molded anode.
The dips near the cathode on the curves of percentage modula-
tion distribution may be caused by inhomogeneity of the
cuvette channel near the cathode outlet and possibly by the
mutual effect of strata in different arms. Typical fluctuations
of the percentage modulation of emission along the cuvette
axis are observed at currents slightly exceeding the threshold
value of the occurrence of strata and modulation disappears
near the cathode. These fluctuations are determined by
interference between the members, one of which describes the
distribution of strata along the cuvette axis and the other of
which describes modulation of discharge current [10, 11l]. We
note that the distance between adjacent maximums is equal to
the wavelength of the strata. The amplification index of the
strata was determined by the slope of the linear section of’
the curves and had a value on the order of 0.1 cm~l.
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Figure 3. Distribution Of Percentage Modulation Of
Lateral Discharge Emission Along the Length
Of a Cuvette: a-for cuvette 1l; b-for
cuvette 2. The numbers near the curves indicate
the value of the discharge current.

KEY:

1. Anode
- 2. Cathode

The strata were artifically excited to measure the dispersion
characteristic and to estimate the value of the phase velocity,
for which a voltage from an audio generator was fed to the
anode circuit of a cuvette 3 (see Table) through a separating
capacitor (with value of 150 pF). The derived function is
easily approximated by the expression

f=1,3-10'(1/A,—0,15) ",
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- where f is frequency in hertz and AO is the wavelength in
centimeters, It is obvious that, as in the case of pure
xenon (9] the phase velocity is negative. The phase velocity
of a natural strata, determined by the slope of the curve
f (1/).0) at the corresponding point, was equal to -1.8-104cm/

sec.
1o C‘rn;;}h)u
) 201 7/
pli]8
Peamef}/e:
LU Konedawun vy,
[ A A AN
Figure 4. Dependence Of Current Boundaries Of The
Existence Of Oscillations In A Discharge Plasma
In Cuvette 1 On The Cathode Filament Voltage
KEY:

1. Strata
2. Reactive oscillations

The cathode filament voltage has a significant effect on the

width of the current region in which there are no regular

plasma oscillations. The boundaries of this region are shown

in Figure 4 as a function of filament voltage. The maximum
. width of the region is achieved at the lowest voltage Uy
determined by the normal operating conditions of an oxide
cathode. The current boundaries of the regions of existence
of strata and reactive oscillations intersect at specific
voltage U, and a region appears in which theseoscillations may
exist simultaneously. A characteristic feature is that the
stratain this region are excited by the second harmonic of
relaxation oscillations. We note that constriction of the
- region where there are no regularoscillations may be caused by
the indicated synchronization since a reverse effect is observed
in some cases; an increase»f filament current leads to expansion
of this region [7, 12].
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The results of the investigations permit one to make the
following conclusions,

1, A DC discharge in a xenon-helium mixture is characterized
by the presence of three typical regions as a function of its
value: regions of the existonce of strata (at high currents),
reactive oscillations (at low currents) and an oscillation-free
region, while the boundaries of the latter are constricted with
an increase of filament voltage.

2, The strata are amplified from the anode to the cathode and
amplification is subject to exponential law with index of
approximately 0.1 cm™ ! in the initial section.

3. An increase of the total pressure of the gaseous mixture

leads to a decrease of the typical frequency of the strata: .
from approximately 30 kHz at pressure of 2.4 torr to

approximately 20 kHz at 4.8 torr.

4, The local (along the length of discharge) percentage
modulation of lateral spontaneous emission by strata may reach
100 percent.

5. The shape of the anode affects the conditions for the
occurrence and existence of strata at small values of discharge
current (and, accordingly, at low amplification factors of the
strata).

6. Phase velocity is opposite to group velocity a direction
- and has a value on the order of 104 cm/scc.,
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PHYSICS

UDC 621.375.826
CONTROLLING THE PARAMETERS OF MICROSECOND EMISSION PULSES

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, 1979
signed to press 20 Dec 77 pp 105-108

[Article by V. V. Arsen'yev, I. N, Matveyev and A. N.
Stepanov])

[Text] The results of experimental investi-
gation of the effect of different laws of
Q-switching on the shape, length,

amplitude and stability of microsecond pulses
of ruby laser emission with negative feedback
are presented. It is shown that the
possibilities of controlling the microsecond
emission pulse parameters increase signifi-
cantly when using a modulating pulse
consisting of a jog corrxesponding to

rapid Q-switching, a pulse peak .
slowly increasing by exponential law and a
steep trailing edge., The instability of the
moment of initial generation decreased to a value
of approximately 25 nsec when using step
connection of the cavity Q-factor.

One of the most effective methods of increasing the emission
pulse length of solid-state lasers with Q-switching to
microseconds or more is the use of negative feedback (00S)
and slow connection of cavity Q-factor [1-3]. It follows
from analysis of balance egua:ions of this laser that the
shape of the emission pulse is considerably dependent on the
law of cavity Q-switching [l]. It is very difficult to

85

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2

"



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2

FOR OFFICIAL USE ONLY

derive theoretically the required law of Q-switching for
different pulse shapes. In the simplest case, the cavity
Q-factor should vary by exponential law to shape square-
wave emission pulses, which provides equality of ampli-
fication and losses in the cavity [4). The law of switching
close to exponential was used in experimental investigations
of lasers with 00S described in [1-3].

The results of investigating the effect of various laws of
cavity Q-switching on the shape of the microsecond pulse of

a RL-8X120/180 ruby laser with electrooptical feedback are
presented in the given paper. The diagram of the experi-
mental installation is similar to that described in [3]. The
laser cavity 0.6m long had a configuration close to semicon=-
centric. A smoother emission pulse peak is achieved with this
configuration [2]. The cavity Q-factor was controlled by a
DKDP crystal light shutter, to whose electrodes modulating
pulses and negative feedback voltage were fed. The modulating
voltage pulses were shaped by a special generator which permits
regulation of their parameters,

Generation of a laser with feedback having slow law of cavity

- Q-switching was initially investigated. The shape of the
modulating voltage on the shutter electrodes (Figure 1, a) was
approximated to the form

U : ,
Ua—U(t)=——u”—=arccos{2Koexp(__:ln I(Q))_i}'
a\T .

(1)

where U  ,, is the half-wave voltage of the shutter, K, is the
amplification factor, 4 is the emission pulse length, o (T)
are the losses in the cavity with completely open shutter and
Ug is the shutter cut-off voltage. Emission pulses 1-3 psec
long with flat peak and smoothly decreasing trailing edge were
- shaped in this case. The generéted pulses had high instability
of the moment of formation of the leading edge (A t,) with
respect to initial connection of the modulating pulse ( [kt

200 nscc). Analysis of the experimental data showed that this

PN
Qﬁﬁ
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instability has the greatest effect on the shape of emission
pulses, since the value and steepness of the modulating voltage
at which the leading edge of the pulse is formed vary in this

At a!li‘l
!l ?:g!

VENER B
=------ I=IIII

Figure 1. Control Of The Emission Pulse Shape.
The oscillograms of the control voltage pulses LT
(upper pulses, calibration of 500 V/div) and
the corresponding emission pulses (lower,
calibration of 60 kW/div) at E_ = 610 J and Ko
= 3.75-10"3 V/W) K__ = 1.5°10-3 V/W 4m). Scans

os
ning was O.S’dsec/div

To stabilize the moment of the beginning of generation and also
the shape of the emission pulse, it was suggested that complex
cavity Q-switching be introduced (Figure 1, c). To do this,
the modulating voltage pulse was a jog corresponding to fast
cavity Q-switching which changed to a slowly increasing
modulating pulse peak variable by law (1) and had a steep
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- trailing edge. The use of this modulating pulse made it
possible to rigidly stabilize the moment of the beginning of
generation of the emission pulse. The measurements showed
that instability [Stn decreased to a value of approximately
25 nsec with this law. At the same time, the stability of

= the emission pulse shape increased significantly. Variation
of the square-wave pulse amplitude in the form of Figure 1,

f from burst to burst did noi exceed 5 percent over the entire
length.

he oy
VaCeN A

0] 10
JSE e
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wy -

[} . . i | :
A TR NN

Figure 2. Dependence Of The Amplitude Of The Leading Edge
Of The Emission Pulse On Value Of Jog Ugi Ep =
610 J and S = 0.5 kV/ ,4sec

An important positive feature of introducing a jog in the
modulating pulse was to expand the possibility of controlling
the shape of the emission pulse. The amplitude of the jog Ug
affects the emission pulse delay t, with respect to the leading
edge of the modulating pulse and the amplitude of the leadiag
edge of the emission pulse I_. Oscillograms of emission pulses
_ at different amplitudes of jog Ug are presented in Figure 1,
d and f. The experimental dependence of I, and t; on Ug are
presented in Figure 2. It follows from them t%:at Aalay of the
_ moment of the beginning of pulse generation t, decreases with
an increase of Ug, reaching some practically constant value
determined by the.time of development of generation. In this
case the amplitude of the leading edge,of the emission pulse
Ip does not change initially, but then increases rapidly. This
dependence of Ip on Ug permits one to tranform square-wave
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emission pulses to triangular pulses with steep leading and
extended trailing edges (Figure 1, d and o).

Figure 3. Variation Of Emission Pulse Shape With Increase
Of Pumping Energqy E,: b - 190 J; ¢ - 450 J;
b - 610 J; e - 800 J; Kog = 3.75 V/W; a -
oscillogram of modulating pulse corresponding to
them; f - emission pulse with slow cavity
Q-switching and at E, = 800 J and K g = 6.25-1073
V/wW

_ ' By cutting off the cavity Q-factor at the necessary moment of
time, one can cut the descending trailing edge of the emission

- pulse (Figure 1, e, f, i and j) and one can shape pulses close
to square~wave and one can also change their length.
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Regulation of the emission pulse length is also possible by
varying the pumping energy En. The delay of the beginning of
generation t, decreases and the emission pulse length increases
with an increase of E,. In this case the pulse amplitude varies
slightly (Figure 3). The pulse shape changes to triangular
(Figure 3, b) with pumping close to generation threshold. The
segment of the modulating voltage pulse corresponding to slow
cavity Q-switching determines the shape of the emission pulse
peak. Square-wave emission pulses are formed during selection
of the law of variation of the modulating voltage on this
section which provides equality of amplification and losses
(Figure 1, f£f). The slope of the emission pulse peak can be
regulated and it can be made convex by changing the steepness

S of this segment of the modulating pulse (Figure 1, h). The
amplitude of pulse convexity I, increases with an increase of
steepness S (Figure 4). By changing the amplitude of the
modulating pulse jog Ug and the steepness of the voltage increase
at the modulating pulse peak S, one can find square-wave emission
pulses with different amplitudes, which is not achieved when
using modulating pulses without a jog. Regulation of the
emission pulse amplitude is also possible by varying the depth
of feedback (Figure 1, £ and 1). However, this method has
limited use since a Auzcrease of negative feedback increases the
cut of the emissior. pulse peak and makes its overall stability
worse.

I.,, At
Jo017

i 1 1 1
¢ u: w0 08 08 ad/maeex

- Figure 4. Dependence Of Pulse Convexity I, On Modulating
Pulse Steepness &; Ug = 0.7 kV and E; = 610 J
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By using slow switching law (Figure 1, a) with high value of
pumping energy E;, and deep feedback (Kgg = 6.25.1073 V,/v),
pulses with steep leading edge may be transformed to pulses
with smoothly increasing amplitude (Figure 3, f). This
transformation of pulse shape is related to the fact that

the generation threshold is carried out with high losses on
the light shutter which provide a ! low increase of the number
of photons in the cavity.

Thus, the investigations showed that the use of special stepped
modulating voltage pulses permits one to increase the stability
of microsecond emission pulses and to expand the possibility of
controlling their length, amplitude and shape.

3
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PHYSICS

UDC 535.231.12.038.62:621.317.794

A METHOD OF RESTORING LASER BEAM ENERGY DISTRIBUTION FROM DATA
OBTAINED FROM A BOLOMETRIC SENSOR ARRAY

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, 1979,
signed to press 24 Aug 77 pp 193-196

- (Article by V. V. Yefremenko]

- [Text] Existing methods of investigating the distribution of

_ laser energy in the beam cross-section are usually related to
the necessity of branching part of the energy to a measuring
device [1l], which is difficult to accomplish at high energy
densities and large beam cross-sections. The use of an array
of holometric wire sensors in combination with a specific
processing algorithm makes it possible to measure the energy
distribution over a wide spectral range (2], having avoided
the necessity of erergy branching. A method of determining
the energy center and effective beam diameter by using

e bolometers is desczibed [3]1, but this method does not permit
one to measure the energy distribution. At the sama time an
important advantage of reticular bolometric sensors,
consisting in the fact that they do not introduce significant
distortions in the transient laser beam, provides the basis
to attempt to use them as an cnergy distribution metur.
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Figure 1. Arrangement Of Bolometar Array With Respect
To Lasexr-Bound Coordinate System

KEY:
1. Bolometers

To simplify further consideration, let us make a number of
assumptions. Let us assume the following:

(1) the spacing of the bolometric arrays h is much greater
than the laser emission wavelength A and the bolometer diameter
d, i.e., we assume that the mutual effect of the bolometers
during d@iffraction of the emission on the grid may be
disregarded;

(2) the grid dimensions are much greater than the typical
cross-sectional dimensions of the laser energy concentration
zone and integration can be carried out within infinite
intervals;

(3) laser emission has circular polarization;

(4) the laser pulse length {i is much less than the constant
bolometer cooling time;

(5) the effect of emission does not lead to thermal expansion

of the bolometers, while the dependence of bolometer resistance
on emission intensity is linear.
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Let laser emission be propagated along axis Oz in a coordinate
system (x, Y, 2 {, bound to a laser source (Figure 1l). The
value of power W (x, y, 2z, t) in plane z=2', located in the
Frauenhofer zone, will be a cross-section of the space-time
power distribution of the laser source at z=z', Let us

further assume that the axes of parallel wire bolometers with
diameter d and spacing h are located in this same plane. Let
us also assume that there are several arrays of parallel
bolometers and that they are arranged rather close to each
other along axis 0z, Let us describe the orientation of the
bolometers of the j-th array n by using the coordinate

system {x4, Y., zj}, whose axis Oy4 coincides with that of the
central wire: Let us assume that axis Oyj is rotated by angle

Bj with respect to axis oy. Keeping in mind the short length
of the laser pulse compared to the thermal constant time of the
bolometer, one may assume that variation of bolometer resistance
AR will be determined by the integral of power by the pulse
time or by the energy distribution of the laser pulse

P (x, v, z)'zgzcn

AR=y " Plz(zy)), w(zs v )dyy,
.- ' (1)

where Y 3is the absorption coefficient dependent on the wire
diameter, the material from which it is made and in the general
case on the polarization of the incident radiation. Graphs of
the dependence k ~Y/d on )\ provided that d »)\ for cylinders of
various metals and for two polarizations of incident radiation
with respect to the cylinder axes are presented in Figure 2,
taken from [4]).
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Figure 2. Dependence Of Coefficients Of Absorption Of
Electromagnetic Radiation ky+ kg By Cylinders
Of Different Metals On Wavelength. The first
two curves (from top to bottom) -- Pt; the
second two curves ~-- Ni; the last two curves
- -= Au

If the measured vcltage or current increment on the i-th
bolometer of the j-~th array is denoted by g(xi ), the signals
of all bolometers of the array determine the sequence

(g(xi )} + each term of which is related to energy distribution
P (x,7y) by the relation

B £(z)f)=a lef(ﬂ. va)y (25 05) B(2)dz, dy,,

(2)

Coefficient «'depends on the absorption coefficient ). The
sequence {q(x1 )} determines the discrete projection of the
desired distrigution function P (x, y) onto axis Oyj. With
this approach, the problem of measuring the energy distribution
reduces to that of restoring the function of two variables
P (x, y) by discrete projections measured at angles 6.,.
Radon (5], who used a method similar to iterative metgods, was
apparently the first to work successfully on the problem of
restoring the functions of several variables by their projections.
In the considered case an approach based on the mathematical
apparatus of Fourier transformations (PF) of functions of many
- variables is more promising.
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Two important properties related to projection of function

f (%) with the Fourier-image of this function are subsequently
required, The first property consists in the fact that iY

f (x) and F (w) form the pair PF, then F (xA) and F (wA)
will also be the pair PF provided that matrix A, which describes
the transformation of coordinates, is orthogonal. The second
property, also called the theorem on projections and cross-
sections [6], permits one to state that (N-1)-dimensional PF
of projection is the cross-section of the N-dimensional PF of
function f (x). Taking both properties into account, one may
conclude that the projection for which the projection axis is
the transformed coordinate axis us, has (N-1)-dimensional PF,
which is the cross-section F (L)) at {), = 0, and coordinate
systems u and {] are. relatesd to systems ¥ and « by the same
orthogonal transformation

x-qu N-M. ( 3 )

1n the con“idered case, rotation of each bolometer grid around
axis Oz by angle Qj is described by orthogonal transformation
of coordinates

A_[aney sin 6, . (4)
~-sin®; cos O,

In this regard the data obtained from each bolometer array
and which determined the discrete projection of distribution
B P (x, y) at angle &, simultaneously determine the cross-
section of the Fourier-image of spectral distribution at the
same angle and space. The relationship between the projections
- of the function of two variables and the cross-section of its
PF is presented in Figure 3.

96

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030041-2

FOR OFFICIAL USE ONLY

(y % ¥ y ¥V
Ot (2) A 43
Rpoexyuu 800
- npoeXyuL cevewun
C. Y w, -
) ; .
Cevenue

- ‘ (4)

Figure 3. Relationship Between Projection Of Two-
i Dimensional Function And Cross-Section Of Its -
Fourier Transform

KEY:

-~

l. Projection axis 3. Angle of cross-section
2. Angle of projection 4. Cross-section

By using the properties of PF pairs outlined above, one can
construct the algorithm for restoration of energy distribution

P (x, y) by the measured sequences (2). The main steps will
be the following.

1. Measuring the oriented arrays of sequences (2) in the
appropriate manner by using M.

2, Determining the images oriented in space according to
orientation of the signal arrays in space by using the
discrete Fourier transform (DPF) M of the Fourier-image
cross-sections of the desired distribution (P) X, Y.

3. Applying the images of the effective interpolation
operation obtained by readings in space to find the array of
readings required for reverse DPF. , -

1, Calculating the readings of the desired two-dimensional

function P (x, y) in the signal space by applying the two-
dimensional reverse DPF to the readings in the spectral space.
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5. Interpolation of the derived readings to determine the
values of the desired function P (x, ¥y).

- ~ It should be noted in conclusion that machine realization of
the described process of restoration can be based on use of
the "fast PF" algorithm (7], which significantly reduces the
losses of machine time. Moreover, the discrete nature of
measuring the projections by using bolometers permits efficient
organization of data input into the computer.
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